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FOPEWORD

The Fort Hood Field Unit of the Army Research Institute for the
Behavioral and Social Sciences (ARI), by assessing the human performance
aspects of man/weapons systems evaluations in field situations, provides
support to Feadquarters, TCATA (TRADOC Combined Army Test Activity, former-
ly called MASSTER--Modern Army Selected Systems Test Evaluation S Review).
A war using modern weapons systems is likely to be both intense and short;
U.S. man/weapons systems must be effective enough, immediately, to offset
greater numbers of an enemy. Cost-effective procurement of Improved and/
or new combat systems requires testing that includes evaluation in opera-
tional settings similar to those in which the systems would be used, with
troops representative of those who would be using the systems in combat.
The doctrine, tactics, and training packages associated with the systems
being evaluated must themselves also be tested and refined as necessary.

ZThe present report presents the results of a literature survey designed

to provide information on the psychological and asaociattd physiological
factors that might be expected to affect tank crew performance while
operating buttoned up. The report also lists recommended design changes
to be considered or incorporated into our present tanks so that buttoned-
up or continuous operations can be sustained. The findings provide a
1-a-kground against which armor doctrine and training concerning buttoned-
ip operations can be formulated.,

ARI research in this area is Aonducted as an in-house effort augmented
by contracts with organizations with unique capabilities for human factors
research. The present research was done jointly by personnel from the ARI
Fort Hood Field Office and the Human Resources Research Organization (HumRRO),
under contract DAC11-75-C-0025, and is responsive to the special require-
ments of TCATA end the objectives of RDTE Project 2Q763731A755, "Human.
Performance in Field Assessment," FY 1976 and 1977 Work Programs.

Urv".•iaenced

Ju 3tifiict . _o.

Avail and/or
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SIUDY OF PSYCHO40GICAI, (AND ASSOCIATED PHYSIOLOGICAL) LVEvcS ON A TANK
CREW RESULTING FROM BEING BUTTONED UP

BR I EF

Requirement:

Tanks in any future mid-intensity or high-intensity conflict'will be
required to operate in the buttoned up mode much more than in the past.
Crews will button up for short periods when faced with overhead artillery,
small arms fire, or aircraft attack. In an environment contaminated by
nuclear, chemical, or biological agents, they may be forced to button up
for much longer periods. It has been hypothesized that perform-nce in
some critical areas would be degraded during buttoned up operations. It
was further hypothesized that much of the degradation would be attributable
to psychological (and associated physiological) factors associated with
being buttoned up. The research was implemented to determine what
psychological and associated physiological factors affect tank crew per-
formance during both short-tetm and long-term buttoned up operations.

The objectives of the research were to:

0 Determine from available documentation what peychological (and
associated physiological) factors might be expected to affect crew
performance while buttoned up.

* Determine from available documentation what amount of degradation
(if any) has been observed on task performance while buttoned up.

* Determine from available documeutation what design changes need to
be considered or incorporated into our present tanks, and to provide
data on design requireuients for future tanks.

0 Provide information on whether continuous operations in the
buttoned-up mode is militarily feasible with our present tanks.

0 Conduct experimental studies and/or field research designed to
determine the extent of performance degradation on critical tasks,
and/or to determine means of minimizing performance degradation
where previously observed through improved operating procedures or
through equipment modifications.

Procedure:

The work was planned to be conducted in two phases. In Phase I,
literature and other information relevaiLt to the objectives would be
accumulated and reviewed, and research needs would be determined. In Phase II,
experimental studies based on the determined need would be planned and
executed. It was presumed that these studios would be oriented toward

S1A



determining the extent of degradation in the performance of critical
tasks, or toward minimizing performance degradation where previously
observed.

The review of available information was aiccomplished and three field
studies were proposed for investigation during the first year. However,
due to the limited support which could be provided by the units tasked
with the support mission, work was actually initiated 'on only one of the
efforts.

Principal Findings:

* Tank crews can function continuously in the oea-hatch mode with
little or no degradation in performance for periods up to 48 hours in
duration.

* Simply buttoning up for periods of up to 48 hours has little
effect on performance.

0 In general, wearing Chemical, Biological, and Radiological (CBR)
protective equipment does not appear to degrade performance until the
cumulative effects of various physiological factors begin to affect per-
formance.

* Our present tanks are not designed to sustain buttoned-tip
operations for extended periods.

0 The tank heating and ventilation 9vstems may not be adequate to
sustain buttoned-up conditions.

0 Personnel wearing CBR protective clothing in buttoned up tanks
during high ambient temperature conditions may become heat prostration
casualties in less than an hour.

Utilization of Findings:

The information provided indicates that tank crews can operate
buttoned up for periods up to 48 hours or even longe- if the tank is
designed properly to support such operations. The incorporation of
recommended specific modifications in both current and future armored
vehicles will greatly improve US capability to operate in the buttoned-up
mode. These findings should also provide a background against which armor
doctrine and training concerning buttoned-up operations can be formulated.
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CWER 1

-iRODUCTION

The stated doctr[te ot potential enemies dictates tbe enIployment of

chemical weapons In tactical operations, biological weapons in strategic

operations, and nuclear weapons as required. Nuclear weapons have not

been Lsed since 1945 and chemical weapons not since World War I. Bio-

logical weapons have never, been used. Nevertheless, the armies of the

major powers have Nuclear, Biological, and Chemical (NBC) weapons in their

inventories.

It is the policy of the US to employ nuclear weapons only if the

enemy uses them first, or when conventional, weapons have been found in-

adequate to ensure our survival. The US has also renounced the use of

biological agents, and will use chemical weapons only if the enemy uses

them,. The armies of potential enemies have these types of weapons and

are prepared to use them. Unless our forces know how to fight in an un-

conventional environment, it could drastically reduce our capability to

wage war.

Threat forces are also expected to employ massive amounts of artil-

lery prior to-attacking. Our armored forces will be required to-move

out from under these artillery fires and be able to shoot and move.

It is cleat, that in any future conflict against a sophisticated

enemy, our armored forces will probably have to operate in an environ-

ment never before encountered. They will undoubtedly be forced to

operate with hatches closed rv'uh of the t!-me, even if, only for protec-

tion from conventional artillery. If NBC weapons are employed, closed-

hatch operations will become the standard. This mode of operations has
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been referred to aR hutftotýeI,-up operatonua, and It the subicct of thitr

report,

Threat forcsr- iare- tell equipped with a complete' array of individual

uind vehicul.ar protective pear for operations in an NAC environment. For

example, most threat armored vehicles feature positive-pressure protec-

tion with filtered air for vehicle crews when buttoned up. Threat

forces also train extensively for operations on an NBC battlefield. US.

armored vehicles lack many of these design features, and US forces receive

only minimal training in buttoned-up operations.

As our tank designs have changed, the amount of work and movement

space within the tank has decreased. The addition of more sophisticated

equipment and the desire for heavier armor protection, along with in-

creased weapon sizes, may decrease the liveable space even more in future

tanks. Nevertheless, in anticipation of the use of NBC weapons, and the

lingering hazards which may last for days and cover many square miles,

our tank crews may h~ive to operate on the NBC battlefield and remain in

contaminated areas for long periods of time while buttoned up. The

periods of time will vary, dependiag on the degree of contamination, the

protection available, and the military situation at the time. Therefore,

it is imperative that the problems associated with buttoned-up ope?:ations

be determined,, and that these problems be solved.

It has been hypothesized that closed-hatch operations would tend to

affect performance'adversely. It has also been hypothesized' that perfor-

mance would degrade more r*dly during button',d-up operations than during

open-hatch operations. Finally, it was hypothesized that much of the pre-

sumed degradation would be a product of psychological (and associated

7



physiological) factors resulting frum being buttoned up.. The. C_"r7nL

rt±earchi cfto~t Wab oLigit1aIy pioposed to address the1 viili'd-Ly of theI

hyporhese•.

More recently, the major objective of this research has been to

exwmine both the short-term and long-term effects of operating in a

buttoned-up mode. in particular,' thl.s research has attempt--d to:

1. Determine frcm available documentation what psychological
(and associated physiological) factors might be expected to affect crew
performance while buttoned up.

2. Determine from available documentation what amount of
degradation (if any) has been observed on task performance while
buttoned up.

3. Determine from available documentation what design changes
reed to be considered or incorporated into our present tanks, 'and to
provide data' on design requirements for future tanks.

4. Provide information on whether continuous operations in t
buttoned-up mode is militarily feasible with our present tanks.

5. Conduct experimental studies and/or field researc% desipr'
to determine the extent of perfocmance degradation on critical tasks,
and/or to determine means of minimizing pe,-formance degradation where
previously observed through improved operating procedures or through
equipment modifications.

This research is seen as a continuing eftort. This, report describer

only the work completed during the first year. Unfortunately, the int-i-

ation of the field work planned for this first year was considerably

delayed. The austere budgets of the units that support research perferihed

at HQ, MASSTER, Fort Hood, Texas, severely limited .the availability of

equipment. Therefore, final results are not available on any of the ef-

forts in time to be included in thfa report. Some preliminary findinf

concerning determination of opcLimum' turret traversing rates are availa ie.

Final results will be reported in the early part of the second year el ort.

8
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The, r dincl-r o>4 - 0,1, report Is organized into four ch~ptcrs.

Chapter 2 contAins the information on psychological and phy.<oioxIca1

factors presumed. to affect tank crew performance whil* buttoned up. The

major ftndings of the literature review concerning these factors are

summarized in Chapter 3. Chapter 4 contains a list of design recommends-

tions to be considered in. tank design an well as recocended areas for

future research. Chapter 5 describes. in brief, three research areas

which are either underway or are being consider d for further study, and

describes some preliminary findings concerning target acquisition by the

tank commander from a buttoned-up tank.

9



CHAP'IF R 2

LIT•rhk IURF REVIEW

Factors Affecting Crew Performance During
Buttoned-up Operations

In order to ascertain what related research hald been, previously ac-

coriplished, and to provide a basis for determining future research needs,

a literature search was initiated. Over 300 documents were obtained and

examIned during the course of the literat-.re search. While the literature

was extensive and diverse In content, the bulk of the information was only

indirectly relevant to armor crew buttoned-up operations. It was found

that the majority of such research has been directed toward confinement

and personnel functions in space capsules or underwater habitats. Many of

the most relevant studies, i.e., those actually dealing with occupancy of

armored vehicles, were accomplished by British researchers working with

the British armor forces. Most of these latter reports are classified aad

cannot be cited her.. They are, however, reviewed in the classified'

Appendix and must be obtalned separately.

After extensive review of the available 'literature, it was decided to

discuss the vrious factors which are presumed to affect performance under

the. following broad categories:

* Environmental Conditions.
* Confinement
* Combat Stress
* Noise
* Vibration
* Radiation
* Habitability (Personal Factors)
* Human Engineering
W Work/Rest Cycles

* . Enhancement of Performance by Drugs
Toxic Environment
Si. S,,Italned/ContInuoun Operations

IA '



The arbitrary nature of this classification scheme is recognized. It is

also realized that the titles presented are open to varying interpre-

tation, and must be further defined in the discussion. The schema chosen,

however, In suitable for discussing those factors believed to be of cri-

tical importance in buttoned-up operations.

Environmental Conditions

For purposes of tais report, the meaning of, the term environentalZ

conditiýns will be largely constricted to conditions associated with the

internal atmosphere of the vehicle. Therefore, in this review, this term

refers to conditions of temperature, humidity, and air flow, and their

interrelationships with the physical environment as well as the factors

which change or influence these conditions.

In a tactical military situation, there is naturally less concern

with how these conditions affect the physical comfort of soldiers than

with how they affect performance of essential tasks. Therefore, the'

ensuing discussions arc oriented toward determining the'acceptable limits

of environmental conditions in terms of their effects on the various

aspects of human performance.-

Tenperature Effects-Cold

The extremeties of the body are most susceptible to cold injury

because they present the largest exposed surface for-heat loss. For

exan', le, poor circulation in the extremeties increases the danger of cold

injury. Findikyan, Duke, and Sells, 1 in their review of cold stress,

IN. Findikyqn, M. Duke, and ,S. Sells. Stress Reviews: I. Thermal Stress-
Cold, Technical Report No. 8, Institute of Behavioral Research, Texas
Christian .University, Fort Worth, July. 1966.

11(
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stated that exposure to cold produces numbness of the fingers,,which lead.s

to deterioration of performance, particularly on tasks requiring fine

manual dexterity. As a consequence, duties requiring manipulation of

knobs, switches, pushhuttons, Ikeys, screws, and nuts And bout-t become-.

almost Impossible to perform. This typically occurs when the skin temp-

erature of the fingers drops below about 60*F. Hands and fingers can be

kept warm by reducing their exposure to cold in a number of ways. Typi-

Cally, gloves or mittens are worn. However, gloves are not adequate to

maintain hand skin temperature above 60*F after long exposure to ambient

temperatures below 30°F. Mittens of fur and leather materials can be used

down to about 20°F to maintain the finger skin temperature at 60"F. 2 In

either case, of course, much of the use of the hands is lost. Standard

Army issue arctic wear is quite adequate for protecting the trunk, limbs,

and head, but the maintenance of satisfactory temperatures in the ex-

tremeties, especially the hands, remains a problem for which no satisfac-

tory solution has been found.

So long as individuals are properly clothed, there are few indi -

'tions that cold affects performances not -requiring fine manual dexte ity.

There is some evidence that vision is affected in studies reviewed bF

Revesman, Hollis, and*Mattson. 3 They concluded that there is apparently

some change in vision in the arctic; The studies reviewed indicated that

there is greater eyestrain and a greater tendency to errors in distance

W. Fenning, P. Jackson., and R. Kelley. Refererce Sourcee in the Phdi•ology

of Extreme EnvironmentazZ Temperatures, Engineering Research Institute,
University of Michigan, Ann Arb',r, May 1954.

3S. Revesnm,.n, J. Hollis, and J. Mattson. A Literature Survey . wn
I'crformanoe Under Arctic. Environment, RDD Technical Memo 6, Depare nt
of the Army, Washington, D.C., December 1953..
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.Judgment under arric conditions. However, according to Williams and

Kitching, the size of the visual field Is not affected. They report no

chnngoes in the area of visual field In two suhJects who were exposed to

a tempe-ature of -50°P fnr one hour and to lower temperatures for greater

durations.

Several means of minimizing the effects of cold in armcred vehicles

have been considered. The British have used warm air directed over the

tank gunners' hands to maintain their tactual sensitivity on the traversing

.5and elevating controls.

Fenning, et al,_6 conducted a literature search on a project dealing

with the evaluation of possible methods of heating, cooling, and venti-

lating combat tanks under extreme environmental conditions. They recounended

that the compartment be heated to between 20*F (minimum temperature) and

25°F (maximum temperature). The .ninimumi figure results from the de-

sirability of maintaining warmth with as little bulkiness of clothing as

possible. Also, at temperatures below this figure, it is almost impossible

to maintain the fingers at a temperature conducive, to manual dexteritYy.

At 20*F, mittens can be used to maintain finger warmth, and air flows from

the heating system can be directed over controls to provide warmth when

mit~tens are removed to operate them. .'The maximum temperature of 25*F is

specified, in this instance, not only from an economy standpoint, but also

In view of the fact that higher temperatures might result in overheating

4 C. Williams and J. Kitching. The Effects of CoZd on Human Performance,

NRCC, Ottawa, Canada, March 1942.

-5 . Findikyan, M. Duke, and S. Sells, op. cit., 1966.

6W. Fenning, P. Jackson, and R. Kelley, op. cit., 1954.
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of the body in its heavy clothing., Lighter clothes for the crewmen, might

not be possible, since in many situations they may have to dismount fre-

quently from the vehicle.

Subjective feelingg of coldness can be noticeably altered without

changes in temperature by manipulating the environment. For example, it

is common knowledge that colors such as blue and green are called "cool"

colors, while orange, red, and brown are called "hot" colors. People feel

warmer in rooms where the walls and decor are in hot colors. It is also

known that bright sunny days are psychologically wormer than dark cloudy

days. Finally, even though there is no substantial differences in the

non-evaporative heat loss of the skin, whether the humidity is high or

low, an increase in humidity almost invariably is accompanied by feelings

of discomfort during either warm or cold weather. The incidence and in-

tensity of shivering and the sensation of cold are greater when humidity

is high, even when skin temperatures are the same.

7
Tromp has suggested that there is a psychological quality to the

rate, of air movement. An optimum rate creates an invigorating environ-

ment, while variable (rather than constant) rates of air movement are

perceived as more bracing. Although his observations apply primarily, to

air movements in a room or building, where total movement is typically

small, they should apply equally well to the inner compartments of tanks.

Tlhe human body itself is capable of some accommodation to co'd.

Biological. changes (e.A., vasoconstriction) begin immediately any time the

ambient temperature falls below 68OF in the body's effort to maintain a

constant temperature. Long-range adaptation, called accirmatization, is

7 S. Tromp (ed.). MedicaZ Biometeorology, New York: Elsevier Publishing
Company, 1963.,

14
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largely achieved in about cte week. but may not be comipteto for as .mclh as

two or three weeks. .

Data on the abI~iiy of the "phyqhlcolly fit" M11 to withstand Cold

better tihan the unfit Individual is meager,9 despite the general accep-

tance of the concept. (he of the apparent problems in this area is the

definition and quantification of xuasures of physical fitness. The avail-

able literature indicates that a physically fit person performing well in

temperate weather will not necessarily perform as well in arctic and enub-

arctic weather. Apparently, the particular kind of physical fitness

required to combat cold stress is that which is acquired through acclima-

tization, conditioning and training.

Temperatire Effects-Heat

A number of investigators have examined the .. ffects of high ambient

temperatures on human performanre, In general, the results have been

consistent, at least with respect to physical tasks. For example,

Welsh 10 suggested that until Effective Temperatures (ETs) exceed about

907F, performance on tasks not requiring great physical effort, is little

affected. Bond and Sleight expressed agreezent with this position,

8W. Macfarlane. "General Physiological Mechanisms of Acclimatization,"
in S. Tromp (ed.), Medicalo BiometeOrology, New York: Elsevier Pub-
lishing Company, 1963, pD 372-417.,

9N.'Findikyan, M. Duke, and S. Sells, op. cit., 1966.
10%.'Welsh. "Ecological Systems," in Ji Brown (ed.), Phj•ioZogy of Man

in Space; New York: AcademiicPress, 1963, pp 309-334.

11H. Bond and R. Sleight. Hwnor" Factor# in the Design of Desert Equip-
ment, HEL Contract DA-36-034-0-ORD-1642, US Arqz Human Engineering
Laboratory, Aberdeen Proving Ground, Maryland, December 1954.
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stating that the heat generailly experienced under desert conditions, be-

cause of low humidity and tolerable STs, had 1iLcle if any effect on the

performance of mental or psychomotor tasks. In cases where impairment in

per formanc-_ sometimes occurred, this was ascribed to physiological dis-

tress that took place as the body attempted to maintain thermal equilibrium.

Eichna, et al., 1 2 have found that the Wet Bulb Temperature (WBT) is

the limiting factor with respect to the effects of heat on htman perfor-

mance, with Dry Bulb Temperat-re (DBT) being of only minor importance.

Below a WBT if 91*F, men work easily and efficiently. The range in which

men are capable of moderately hard work :. 91-94"F WBT, but decreased

efficiency and alertness are evident. Above '94*F WBT, major disability

soon occurs, the average limit being about one hour of work. Lee 1 3 (in a

study dealing with tank air-conditioning) found that the critical level of

£ET for tolerance to heat lies between 88F and 92.*°F, as reported by

Fenning, et al. Connell, 1 4 after reviewing the effects of high ambient

temperature on performance, suggested an upper limit of 85"F for perfor-

mance of sedentary tasks without impairment; as reported by Duke, et

15 16
al. 1 McBlaix, kambaugh, and Fozard recomended maintaining temp-

12 L. Eichna, et a]. "Upper Limits of Environmental Heat and Huzmiity
Tolerated by Acclimatized Men Working in Hot Environments," Jou-nal of
Induatrial Hygiene, March 1945, 27, 59-84:.

13
3D. Lee. 7rial Tank Air Conditioning Equipment-Hot Room Tests, AFV 39,
October 1943.

1 4 L. Connell. The Effects of Heatý1pont the Performance of Me' in High
Speed Aircraft. A Critical Review, ADC Report 151-'-17, Office of
Naval Research, Washirgton, D.C., June 1948.

"* M. Duke, N. Findikyan, J. Anderson, and S. Sells. Stress Reviews: I.
Thermal Stress-Heat, Technical'Report No. 11, Institute of Behavioral
ReseArch, Texas Christian University, Fort Worth, May 1967.

1 6W. McBlair, D. Rambaugh, and J. Fqzard. Enmironmental Effects on Human
Perforrvnce, Tncluding Fatigue. Part 4. Ventilation, Tm@erature,
Huwidity, SDSCF, 1955.
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eratures at 85OF i)BT, 75"F WBT, for maximum efficiency, as reported by

Duke, et al.

Field studies (e.g., Minard, er a, 17) involving rontinuous exposure

for periods of at least several days report significant physiological

changes as well as performance impairment of combat efficiency under high

thermal stress. Minard's subjects were unacclimatized paratroopera par-

ticipating in combat exercises in Panama.

As can be seen from the research described in the preceding para-

graphs, performance deterioration can be expected when ET reaches the

vicinity of 90*F.' However, under proper conditions man can survive in

much higher ambient temperatures. For example, Brouha18 states that the

upper limit of DBT which man can tolerate is relatively high: resting

men have withstood 15-minute exposures to temperatures up to 250*F w.th-

out ill-effects. At higher temperatures, humidity astumes greater

importance, since the cooling in these circumstances is not limited by

mn's ability to perspire, but by the capacity of the atmosphere to

absorb additional moisture. The limiting factor to evaporative heat regu-

lacion in hot, humid environme ts is the capacity of the air for absorbing

water. In hct, dry environment s, the limiting factor is man's ability to

produce enough perspiration to naintain the evaporative requirement for

regulating body temperature.

High ambient temperatures o not affect performance on all types of.

tasks equally, as shown by stud es of the effects of temperature on

1717D. Minard, G. Grayeb, R. Sing r, and J. Kingston. Heat Stress During
operation, Banyam Tree I, Rep rt No. 5, Naval Medical Research Institute,
Bethesda, Maryland, July 1961

18L. Bro'jha. PhysioZogo'j in I.nd ,try, New York: Pergamon Press, 1960.
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specific kinds of tasks. Carpenter 1 9 found that as ambiient temperature in-

creased, intelligence (as measured by performance on the Resictance Box

test) showed a decrement, with the deterioration becoming statistically

significant at about 90°F ET. When body temperature was elevated to 101"?,

Bean and Eichna 2 0 found that accuracy in mathematical calculations de-

'21creased. These findings were consistent with those of Wilkinson, et al.,

and Fox, et al., 22 as they found an impairment in the ability to add at

101"F, when compared with performance at normal body temperatures. How-

ever, raising body temperature to only 99"F produced a slight improvement.

Mackworth, 2 3 in his study of heat and htuidicy, found evidence for

impairment of perceptual functioning, as reported by Fenning, et al. His

primary findings were: (1) hot, moist atmospheres impair the accuracy

with which faint vidual signal's are detected in a relatively monotonous

situation; (2) responses tend to become sluggish, but do not decline as

markedly as accuracy of work; (3) optimum DBTs and WBTs for visual search

1 9 A. Carpenter. The Effect of Room Tenerature on the Perfornance of
Resistance Box Test: A Performance Teast of InteiZigence, Report No.
APO 50, Medical Research Council, Applied Psychology Unit, 1946.

2F. Bean and L. Eichna. "Performance in Relation to Environmental

Temperatures," Federal Proceedings, 1943, 2, 144-158.
2 1 R. Wilkinson, R. Fox, R. Goldsmith, I. Hampton, and H. Lewis. "Psycho-

logical and Physiological Responses to Raised Body Temperature,"
Journal of Applied Psychology, 1964, 19, 287-291.

2 2 R. Fox, R. Goldsmith, I. Hampton, and R. Wilkinson. "The Effects of a

Raised Body Temperature on the Performance of Mental Tasks," Journal of
TPhysiology, June 1963, 167(1), 22D-23 (abstract).

2 3N. Mackworth. Effects of Heat and High Hzruidity on Prolonged Visual

Search as. Measured by the Clock Test, report prepared for the

Habitability Sub-Committee of the RNPRC, February 1946.
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are 85"F and 75°F, respectively; and (4) performance detertoration becomes

statistically significant at 95*F WBT- u4 3F D.RT However, not A1J.

perceptual tasks appear to be affected. For example, Loeb and Jantheau, 2 4

as reported by Duke, et al., found no detrimental effects of high temp-

erature on a monitoring task carried out in a troop carrier. The temperature

ranges studied were 65*/75*F to 1100/125PF.

Reaction time does not appear to be affected by heat. Duke, Findlikyan,

25
Anderson, and Sells reached this conclusion on the babis of consistent

findings in thkir review ofthe literature on thermal stress. Other work

reviewed by these authors indicates less consistency in findings concerned

with mental and perceptual tasks. This fact was also observed by McBlair,

26et al., who reported that physical tasks were more consistently impaired

by heat than mental tasks. They also observed that simple tasks were

-less affected by heat than complextasks.

Given time and opportunity to become acclimated, man's performance

while enduring high ambient temperatures improves and becomes more con-

sistent. Acclimatization enables him to work in hot climates with lower

body temperatures, lower heart rate, and more stable blood pressure.

27
Morgan, et al.,, reported that: Acclimatization takes fran three toZ2

dayi approximately, and is more effective if men work in the hot climate

"24M. Loeb and E. Jeantheau. "The Influence of Noxious EnNironmental

Stimuli on Vigilance," Journal of Applied Psychology, 1958, 42, 47-49;

2 5M. Duke, N. Findikyan, J. Anderson, and S. Sells, op. cit.j. 1967. •

26W. McBlair, R. Rambaugh, and J. Fizard, op. cit., 1955.

2 7 C., Morgan, J. Cook, A. Chapanis, and N. Lund. Humn Engineering Guide
to Equipment Design. New York: McGraw-Hill, 1963.
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thmn if the.y nimrpZy resIt luring the aceZimatization period. Accimati-

zatlon lasts appruxiia-te•y two veeIs after the Irdivfdunl leaves the hot

cl!mote. and then declines slowly, so thnt after two ntvntho Ir 13 lost.

"?H0ean nnd Elchnc, and Etchna, Ban, and AsheZ9 report very afmflar find-

ings. They found that the acclimatization process begins upon the first

day of exposure, progresses rapidly, and then becomes fairly well estab-

lished after a period of three to ten days.

Torrance, 3 0 in discussing acclimatization in his survival research

summry, as reported by Duke, et al., mentioned the opinion of the phys-

iologist, Adolph, who stated that there is no evidence for adaptation to

dehydration, although the evidence for heat adaptation is satisfactory.

The importance of compensating for water loss in extreme heat by adequate

water intake is an important factor in heat tolerance, regardless of

3'adaptation. Rohles, et al., ,3 point out that water consumption of even

sedentary personnel at an ET of approximately 92*F can exceed two gallons

per day. These facts are certainly of interest in any research on

buttoned-up operations, as no provision for carrying water internally in

the amounts apparently necessary has been made for US Army armored vehicles.

Means of combating heat in armored vehicles have received little

thought. Ventilated garments have been employed in space capsules and

28W Bean and L. Eichna, op. cit., 1943.

2 9 L. Eichna, W. Bean, and W. Ashe.' Operations at High Temperatures.
Studies of Men in Simulated JungZe (Hunid) Heat, Project No. 2, .2-7,
2-11, 2-13, 2-15, 2-17, 2-19, US Arnmy Medical ResearCh and Division
Coamand, Fort Knox, Kentucky, October 1943.

30P. Torrance. Surviving Emergencie8 and Extreme Conditicns. A Suirmary

of Six Years of Research, unpublished report.

31F. Rohles, R. Nevins, and P. McNall. Hwnan PhysioZogical Responses to
SheZter. Environment, Report No. 2, Institute for Environmental Research,
Kansas State University, Manhattan, February 1967.
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alrcraft cockpits which provide a power source. The Germans experimented

wIth cooI ing devices 4or their tank crews during World War 'II (WWIl1) but

never actually emp loved theni In combat. Tt may soon be possible ;or en-

vltonnental ensin.eering to extend the technology employed by the National

Aeronautics and Space Administration (NASA) and the United States Air

Force (USAF) to the individual soldier in an armored vehicle.

Effects of Humidity and Ventilation

Fenning, Jackson, and Kelley 3 2 ccncluded from their literature sur-

vey that: In environments where humidity is extremely low, the lack of

moisture may result in drying of the mucous membranes and reduction of

the fluid on the surface of the eyes. No permanent damage to the tissue

results, but irritation and temporary discomfort may be experienced, such

as increased sensitivity of Lhe eyes, sore throat, etc. The comfortable

range for hwmdity seems to be between 40 and 60 percent; change in either

direction may bring about performance iairment dependent pon the magni-

tude of the change and other environmental conditions.

Duke, et al., reported that Pepler 3 4 ' 3 5 ' 3 6 ' 3 7 ' 3 8 ' 3 9 adequately demon-

strated that performance on tasks involving vigilance, or tasks involving

32W'.Fenning, P. Jackson, and R. Kelley, op. cit., 1954.

33M. Duke, N. Findikyan, J. Anderson, and S. Sells, op. cit., 1967.

3 4 R. Pepler. The Effect of Climatic Factors on the Performance of
Skilled Tasks by Young European Men Living in the' Trop . IV. A
Task of Prolonged Visual Vigilance, Report 53/766, Roy& .,aval Personnel,
January 1953a.

35.3 5 R. Pepler. The Effect of Climatic Factors on the Performance of
ZkilZed Tasks by Young European Men Living in the Tr-pics: A Task
Continuous Pointer Alignment -- Experiment One, Report 53/766, Royal
Naval Personnel,. January 1953b.
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kR., Pepler. The Effect of Climatic Factors on the rerformznce of Skil i-d
Tasks by Young European Men Living in thd Tropics: A Task of Continu j.
Pointer Alignment -- Experiment Two, Report 53/768, Royal Naval
Personnel, February 1953c.

R. Peplet'. The Cffec-t of Cli>rmki-ie P*acqorve on the Penfo,~itatce oj -'kill-f
Tasks by 'oung European Men Liiv'ng in the Tropics: A Tack of Morse
Code Reception, Report 53/769, Royal Naval Personnel, February 19534.

38R Pepler, The Effect of High Air Temperature and Humidity on Pe-for-

mance, P-RC Report 961.s., Royal AF IAM, Engineering, January 1956.

39
R. Pepler. "Warmth and Pecformance: An Investigation in the Tropics,"
Erqjcnomics, 1958,-2, 63-88.

psychomotor skills such as tracking or telegraphy, was poorer in moist

than in dry climates. Pepler40 reported that the optimum ET for trackin,

performance was 72.5*F, which is some 6-8*F cooler than the average

tropical temperature. However, this decrement in performance in hot,

humid climates as compared to dry climates may be the greater subjective

stress associated with the moist atmosphere. 4 1

In relatively closed and occupieu spaces, humidity is closely re-

lated to ventilation. With minimal ventilation, humidity is increased

by the vaporization of water from breath and perspiration. Hicks,42 in

,a series of studies on closed-hatch operations, found that condensation

on• the interior surfaces of test vehicles was a major problem. The

40R. Pepler. The Effect -of CMimatic Factors on the Performance of Skiiec'

Tasks by Young European Men Living in the Tropics: A Task of Continuvna
Pointer AZignment at Two Levels of Incentive, Report 54/795, Royal Naval
Personnel, November 1953a.

41H. Aond and R. Sleight, op. cit., 1954.

42S. Hicks. The Effects of Confinement on the Performance of Combdt

Relevant SkiZls: Swtyrary Report, Technical Memorandum 16-64, US Army
Human Engineering Laboratory,' Aberdeen Proving Ground, Maryland, 1964.
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condensationl Lended to occur fii -the, early morntioe hours ai termperatures

around 40'F. Crewmen found it.diffi-cult to rest against the walls of

th& vehicle aa tLhelr nlothing became wet. Wnter condensing On the ctli-

Ing al.so dropped on clothing'and other gear stowed in the compartwent..

Some gear. began to rust. Also, the vision blocks became fogged which

would have made combat operations extremelý hazardous. This research study

is the only one located In the literature which described this particular

problem. However, it certainly indicates the kind of problems that must

be faced during buttoned-up operations in very moist climates with wide

temperature variation without adequate ventilation. In well-ventilated

spaces, internal humidity approximates external humidity. However, venti-

lation has an additional effect on body temperature. Moving air absorbs

moisture more rapidly and, therefore, has a cooling effect on exposAd

body surfaces. In general, the greater the rate at which fresh air

passes the body, the greater, the cooling effect.

Ellis, et al.,43 has pointed out the importance of the rate of air

movement is the tolerance of temperature conditions. Some- conditions that

were tolerable with an air rate of 150 feet per minute became .intolerable

at 20 feet per minute. Lee, 4 4 as retorted by Fenning, et al., conducted

a study 'in New Guinea with tank crews. The crews were subjected to seven-

hour test periods during which humid and dehumidified air was passed over

their body surfaces by means of air jets or air distribution harnesses.

4 3 F. Ellis, H. Fe:res, A. Lind', and P. Newling. The Upper TolerableLimits of Warmth for AccZimatizwd European Men Working. in the Tropice,

RNP 53-759, HM Stationery Office, Medical Research Council, Royal Naval
Personnel Research Committee, London, 1953.

44D. Lee. Field Trials of Methods of Tank Personnel Cooling Carried Out
in NYm Guinea, AFV 48, December 1943.
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Air was delivered in quantitites of eight Cubic Feet pir Mvruree (CFM) "id

16 CFM. per man. The following conclusions vere reachrm: (1)' sost form

of personal cooling is essent ia• -For efficient operatlon of tank crews

in the tropics; (2) of the cooling methods tested, the best was to sup-

ply each man with eight CFM of air, dehumidified to a dew point of 50*F;

(3) the next best method was to supply 16 CFM per man of untreated air

directly from the atmosphere; and (4) a jet of untreated air from the

atmosphere was minimally effective.

Penning, et al.,45 found that ventilation of the tank crew compart-

ment presents a unique problem in that the volume of space allocated per

man is quite small. The high concentrations of gas fumes present within

the tank, as well as the possibility of high concentrations of dust being

drawn into the compartment, complicated the problem. They found nothing

in the literature which appeared useful in designing a ventilation system

for tanks which met current stipulations. At, that time, the Office of

the Surgeon General recommended a ventilation rate of 250 CFM per man,

but Penning, et al., found no research to back up this figure.

Some of the parts of the body are more sensitive to air currents.

Velocities which are much above the threshold value of air current per-

ceptibility may cause discomfort. in the limited space of the tank crew

compartment, difficulties may be expected in reconciling the volume of

air which must be moved while maintaining reasonable air velocities.

Fenning, et a-l. 4 6 in recommending the objectives for design of a tank

ventilation system, stated that attempts should be made to keep air

velocities below 100 feet per minute with the definite specification t•.;

45V. Fenning,'P. Jackson, and R. Kelley, op. cit.. 1:04.

46Tbid.
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air currents which exceed that velocity be directed away from the sen.i-

tive portions of the body. These researchers also felt that research

should be. conducted in an effort to establish ventilation standards and

that the effects of ventilation on the concentrations of dust to be ex-

pected in the compartment should be considered.

Eichna, et al., 4 7 conducted a field test to determine the relative

merits of three chemical protective systems. The three systems were:

(1) a completely self-contained protective pressure ventilation system;

(2) individual ventilated face masks with air supplied from a central

blower, system; and (3) regular Army issue chemical protective mask.

They reported that from the standpoint of comfort the self-contained

system and the ventilated face mask were preferred to the standard mask.

The chemical protective clothing did not have to be worn with Method 1

as long as the tank protective system was operating properly. With

Methods 2 and 3, the crew had to wear chemical protective clothing at all

times. The ventilated facepiece with an air flow of 6.0 CFM was strongly

disliked, due to the hot air being drawn in from the outside. The test

was conducted at Fort Polk, Louisianai with temperatures ra-;.ug from

880F to 103*F (DBT). The tank with the seif-•..:•atied aiv.' produced a

positive pressure of three-quartdw.. ar an inch.

It was discove÷€.: :rat perspiration rates, rectal tempc-ratures, and

heart r-, ware somewhat higher when the tanks.were moving slowly than

when moving fast. The differences were small and deemed not to be of any

practical importance. Air flow rates in stationary tanks were 300-400

CM1 as compared to 1200-1500 CFM for moving tanks.

471. Eichna, R. Walpole, W. Shelley, and T. Wbizcenberg. Effects "'r
Tank Crewa of SeveraZ Metlod& of Protec'tion R •>;i..t Cherica, Warfarre
Agentu, Project No. 35, Armored Medical Research Laboratory, Fort
Knox, Keetucky, September. 1944.
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11te physiological changes reported by Etchna and hWs co-orkers were

greatest In the drlver'; thJS wad: true -for both the- unprotected crew in

regulation fattlgue clothing and for the crews with the combat mask or the

ventil&.t1 facepiece. Drivers lost twice as much liquid aa crewmen in the

turret and their rectal. temperatures were 1.0-1.5°F higher. They also ex-

hibited higher pulse rates (25-30 beats/minute faster). In the totally

protected, positive-pressure ventilated tank, the situation reversed it-

self with the turret crewmen showing more physiological changes than the

drivers. The t..cal protective system with a ventilation rate of 275 fl.

imposed a slightly greater load (regarding perspiratirn rates, rectal

temperatures, and heart rates) than t-e individual combat mask or the

ventilated faceptece syf-c'. However, based on the physiological changes

induceil. the differenc'es between all three systems were not sufficiently

great to select one method over another. Of the three protective systems,

the tank commanders preferred the ventilated facepiece. Gunners pre-

ferred the total protective system. Loaders and drivers seemed to prefer

the Ventilatpd facepiece.

Miscellanecus Environen ntal Effects

48Fenning, et ai., briefly discuss the effects of thermal radiation

between the vehicle.walls of a tank. and the human body. Since the turret

compartment steel walls are uninsulated and in direct contact with the'

outside atmosphere, thp temperature on the int.rior face of these walls.

will be substan.tially the same as that on the exterior face. If the temp-

Ature of the metal surround is muh different from that of the intervening

48W. Fennhng, 1. .T4ckson, a-'d P.. Kelley,. op. cit., 1951.
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air, then heat will radiate from the warmer mass to the colder. Pfinlns

and his dssotiates recomilewnd aL study of these effert.. Ao they ferl th-y

may contribute significantly to thr re i,[ort/dt.sctmfort of tank crewmen.

In the, direct summer th, tbe tremperattue of the tnnk chagn[ls may greatly

exceed the amh!ent air temperature and add suburantially to the internal

temperature. Absorption of this rcdiated heat may also :1rectly increase

the body temperature of the crewmen. Conversely, cold thermal radiation

from the human body to the tank chassis may result in greater than ex-

pected heat losses.

In a study conducted at Yuma Proving Ground, Suarez49 determined the

upper temperature ranges fu- critical components of the M60 tank under

desert storage and operational conditions. He found that the Wet Bulb

Globe Temperature (WBGT) during the days of the test with the vehicle

moving was never below 100OF and reached 106.60F. The tanks only crrried

a driver and a data collector, so with a full crew the conditions within

the tank would probably have been worse. The conclusions from this study

were:

1. The WBGT in the crew compartment is much higher than is
comzanly acceprable as working conditions for h.=mans.

2. Sirface temperatur s of areas which the crew may contact are
high enough (up to 155*F for the Lest) to cause extreme discomfort or
blistering of the skin.

3. AR 70-38 (Test and Evaluation of Material for Extreme
Climat :c Cor•dit.ion, 5 May 1969) design criteria are inadequate when used
alone to predict interior temperature for.M60 tanks operating in a desert
environmen t.

Suarez. Methodo-gy Invcetigation of Armorxd Fighti•g VehicZe
Comnartment Temperatvxe.q, W0 T•nk, USAeG Report No. 203, US Army
Yuma Proving Ground, Arizona, November 1974.
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Th2 significance of Suarez' second conclusion4 (findiag) to the work

c0 Fenning and hi ; cowockers on heat radiation effects is obvious. if

tiý tit~ciae tewperatur0. reach 155'F, radiation of heat to the &cu-

pants is bound to be substantial. These effects will add to the already

deleterious effects of wall heat on the iaternal atmosphere of the com-

partment.

50
Elchna, et al., (researcheri at the Armored Medical Research

Laboratory) investigated the work rates of' tank crew members for various

tasks. This investigation was undertaken to study two major problems:

(1) crew fatigue which was observed under virtually all operating condi-

tions, and (2) the lowering of efficiency and morale and the occurronce

of heat exhaustion among crews operating in tropical climates. The in-

vestigators found that work rates were often a cause of crew fatigue,

particularly when combined with the many other adverse conditions which

may occur in tank warfare. Maintenance and servicing, which too- approxi-

mately two hours nightly, expended energy equlvalent to a Reven-mile

mazch in the same perioe (based on an average figire of 350 calories per-

hour, per man foi two hours). They also found that a single crew member,

operating near the upper limits of thermal tolerance, may require two

quarts of water per hour, or an entire crew mpy need ten or more gallons

for four hours of nperation. The requirement for liquids was mentioned

in the earlier section dealing with the general effects of high ambient

temperatures. However, in this study, Eichna and his associates related

this requirement not only to temperature, but to the lvel of activity

engaged In by tank crewmen specifically.

5 0 L. Eichna, et al., op. cit., 1945.
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51

Similar results were reported by Adolph and Dill. They found that

Lite dai1y intake in water In the desert was 10 to 30 -times the

daily variation in body-weight. These authors also mentioned that seal-

lug a vehicle for protection against noxious substances and for fording

diminishes ventilation and accentuates the problem of heat load.

These data provide some perspectives on the actual total volume of

liquid that must be carried' insde a tank during buttoned-up operations

during extremes of heat. During an eight-hour 'operatioa, 20 gallons or

more may be required. Neither space nor containers for this volume of

liquid are available in our current vehicles.

Summary and Implications

When a task is not hazardous and demanting, and the individual :is

well-insulated, the limiting factor in cold tolerance appears to be the

temperature of the individual's extremeties. Performance starts to

deteriorate, especially In tasks requiring manual dexterity, when the

hands aie exposed to temperatures below 60*F. At temperatures below

20*-250F, it is almost impossible to maintain the fingers at temperatures

adequate to perform tasks requiring fine manual dexterity. In tanks, it

has been suggested that warm air could be directed over critical controls,

such as the gunner's traversing and elevating controls or the driver's

steering controls, in order to maintain hand skin temperatures above 60F.

During low ambient temperatures the inside temperature of the tank

should be maintained at a minimum of 20*F and a maximum of 25"F. The

minimum figure results from the- desirability of maintaining warmth with

5 1 E. Adolph and D. Dill. "Observations on Water Measurement in the

Desert," American Journal of Physiology, 1938, 123, 369.
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w i t1,s i3-t Ie, bulli rnss of- clothint as-possible. If a-satisfactory means

of protecting the extremeties could be found, performance could be main-

tained at lower ambient temperatures. The maximum of 25'F is suggested

as a fuel conservation measure. Also, crewmen dressed for 25*F can with-

stand much low:er temperatures for a tiue if forced to dismount.

lUnder high ambient temperature conditions, the critical level for

effective performance seems to be around 90*F. Performance above this

temperature deteriorates rapidly. The optimum temperature seems to be

about 70*F, with performance declining either above or below. Cold Son-

erally results in a more rapid deterioratiot. of performance than heat.

Acclimatization to cold is usually achieved in one week and to heat

usually within three to 12 days.

The comfort range for humidity seems to be between 40 and 60 percent;

change in either direction may bring about decrements in performance re-

lated to the magnitude of the change. Within ordinary temperature ranges,

the cooling or warming effects of air flow are not influenced sub-

stantially by changes in humidity.

To operate in a buttoned-up mode, it is mandatory that tanks be

equipped with some means of washing and/or wiping of optical devices to

combat the effects of condensation accumulating on the inside or outside

of optical devices during conditions of high humidity.

It has been show'n that the accumulation of condensation on the In-

side of Armored Personnel Carriers (APCs) Causes equipment stored inside

of the APCs to become wet and also causes rust and crew discomfort.

Ventilation of the tank crew compartment presents a unique problem

In 4hat the volume of space allocated per man Is quite smalL. The high
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concentrarlons of fumes and du.s! being drawn Ini-O -tho fanK _orpar+men

Co* l I CAte, the prob tem.

RIsenrch on the requireownt.s for ventilation during periods of

buttoned-up operations should be Investigated, especially in operations

under dusty conditions and high ambient temperatures.

Studies completed at Yuma Proving Ground under high ambient tempera-

ture conditions indicate that temperatures inside the M(60 tank may reach

levels unsuitable for human operations, even with the hatch open. These

studies did not investigate the effects of closed-hatch operations which

would undoubtedly further increase internal temperature.

Present tanks are not equipped to store water internally. Water is

usually carried in five-gallon cans on the outside turret bustle racks.

If buttoned-up operations for extended periods of time are envisioned, a

built-in water storage system seems to be mandatory. Dehydration is

probably the most serious physiological problem confronting armor crewmen

operating in high ambient temperatures. A crew may need ten or more

gallons for four hours of operation while operating near the tipper limits

of thermal tolerance.

Confinement

Studies of isolation and/or confinement have varied from thoze in

w hich subjects were individually, isolated, immobilized, and sensorially

deprived, to those in which' groups were isolated in a limited physical

space, hut were otherwise unrestrirc-e,&.__epending upon the circumstances,

subjective symptoms reported- inr1za -sleep disturbance, restlessness, in-

ability to concentrate, fatigue, muscular weakness and soreness, boredom,

monotony, feelings of dirtiness, headaches, dizziness, psychomotor,
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reactlons, apathy, low morale- time disorientation, frustration,. anxlety,

irritability, hostility, displaced aggression, depression, and withdrawal.

However., not all of these studies are relevant to the present problem.

Firut o. a11, the total length of time the crew of an armored vehicle can

remain isolated and confined is limited by their ability to carry on board

supplies of food, water, ammunition, fuel and other necessities. At

present, this can be a few days at most. Nevertheless, three factors typi-

cally reported as being disconcerting to confined and/or isolated subjects

are present, to varying degrees, in buttoned-up armor operations. The

first is a sensory restriction in which the variation of environmental

stimulation is reduced. Certainly, crewmen are net sensorially deprived,

as noise and physical buffeting from movement may approach unbearable

levels. However, the kinds of sensory inputs are greatly restricted com-

pared to a normal environment.

The second factor is the restricted mobility of the crew due to

space or clothing restrictions. The third factor concerns the effects of

social isolation and social deprivation.52 This latter factor becomes

sallant when radio silence is maintained, or when contact with higher

comwand echelons is done only through radio communications, and the closed

hatches prevent the normal face-to-face relationships with other tank crews.

52Some may not ag;ee that the isolation and deprivation experienced by

tank crews fit's the commonly accepted meaning of these terms. For
example, Sells and Ratqls (S. Sells and J. Rzwls'. Effects of Isotation
on Man's Performanc., USI 20, Bioengineering and Cabin Ecology, Science
and Technology Series, American Astronautical Societ, Tarzana, California,
1969) define social isolation ap "...an effect of the state of isolation
rather than of remotenes nPer je and often occurs even in centers of busy
social activity.... Apparently, familiarity and dependence on ýhe familiar
for support. are essential for adjustment, and remoteness is involved only
as ft is associated with depz'ivation. There are, of course, extreme
individual differences In depenr. ce and choice of dependency objects."

-They define social deprivation eu .... separation from any significant



supports, which may include significant persons and role partners in
family, work, and social relationships, as well as statu'ses, activiti•s,
objects, and surrounds on which the indMividual 'has learned to depend
for feelings of well-being and security. The general hypothesis is that
such separation is a source of stress to the individual to the extent
that the present situation calls for modes of personal prob]em-solving
that are not available andrfor which suitable alternatives cannot be
found." It is certainly true that tank crewmen are not entirely sepa-
rated from familiar physical surroundings while 'operating with closed
hatches. Nor do they undergo any change in status or in individuals
found 'in their immediate working environment. However, some changes do
occur. Furthermore, what is most important is how the crewmen feel about
the situation. If they feel isolated and socially deprived, some adverse
psychological consequences can be expected. In any case,'they are defi-,
nitely more confined and isolated from a number of their normal sensory
Inputs.

Certainly, it is obvious that buttoned-up operations will be confining

in nature. Therefore, the remainder of thl: section will be devoted to the

nsychological effects of confinement arn its effects on performance, es-

pecially of tasks similar to or actually peiformed by crewmen, either during

or following confinement.

Physical Confinement (Psychological Effects)

53Haythorn, in experimental studies of small groups in confinement,

observed that the rate of interpersonal information exchange was accele-

rated in the early stages of confinement. He noted further that difficulty

resulted from such-speeded acquaintanceship. Information interchange typi-

cally exceeded the rate at which an irnividual could learn to accept the

idiosyncracies of another person, or, to cope with values.markedly different

from his own. Under these circumstances, individuals capable of controlling

their aggressive impulses had a'tendency to withdraw, which resulted in a

53W. Haythorn. "Social Emotional Considerations in Confined Groups," in
The Effects of Confinement on Long Dural'on Manned Space FZights,
Proceedings of the NASA Symposium, 1966, pp 8-15.
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Sbreakdown• of eommunications. Individuals began to guard their personal

possessions and establish territorial rights which were zealously guarded.

Sells and Rawls 54 reported that Altman and FHaythorn, 55 and Cowan and

Strickland, 56 both reported that territorial behavior occurred earlier and

more extensively among their isolated experimental subjects than among

controls,-and that it increased with time.

It has been reported that status leveling is a frequently observed

occurrence in groups that are both isolated and confined.575,96,16

54S. Sells and J. Rawls. Effects, of Iso-lationon Man's Performance, USI

20, Bioengineering and Cabin Ecology, Science and Technology Series,
American Astronautical Society, Tarzana, California, 1969.

5455

SRo. Altman and W. Haythorn. "The Ecology of Isolated Groups," Beharal

Science, 1967, 12, 169-182.
56E. Cowan nd D. Strickland. The LegaZ Structure of a Confined Micro-

soreety (A Report on the iases of Penthouse II and c), Internal Working
Paper No. 34, Space Sciences Laboratory, Social Sciences Project,

University of California, Berkeley, August 1965.

57 . Torrance. "Leadership in the Survival of Small Isolated Groups," in

Syoposium on Prtventhe ase of Ptsyhiatry, Walter Reed Army Institute

of Research, Washington, D.C., 1957, pp 309-327 (a).

5p. Torrance. "What Happens to the Soci6metric Structure of Small Groups
in Emergencies and Extreme Conditions?" Group Psychotherapy, 1957, 10,
212-220.

5 9 j. Rohrer, Studies of Human Adcustment to Submarine Isolation and Impli-
cations of Those Studies for Living in Fallout Shelten, Working Paper,
Disaster Research Group, Division of Anthropology and Psychology, National
Academy. of Sciences-National Research Council, Washington, D.C., 1959.

60 S.' Sel Is. Ta*pecript -to Accompany Tape Recording of Research Report on

Leadership and Organizationa7 Factors at Effe'!tive AC&W Sites, AF Contract
No. 4](657)-323, Institute of Behavioral Research, Texas Christian
University, Fort Worth, October, 1963.

61S. Sells. CapsuZe Society. Are Problems for Men in Space on Long-

Duration Missions, presented at the Conference on Bioastronautics,
Virginia Polytechnic Institute, Blacksburg, Virginia, August 1967.

6 2 W. Wilkins*. "Group Behavior in Long-Term Tsolation," in M. Appley and

R. Trumbull (eds.), PsychoZoqrica1 Stress, New York: Appleton-Century-
Crofts, 1967.
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The close association and lack of personal privacy charnrterlstic of groups

confined in small areas tend to equalize or "level" the social status of all

the occupants. This would make it difficult to maintain supeior/subordi-

nate relationships when absol'ute discipline is requlrtd for mission

accomplishment. In combat, the tank coumr~nder must be able to exercise

absolute authority during crit• al periods. Therefore, status leveling

could become a problem in situations requiring frequent and extended periods

of operations in a buttoned-up mode.

Another tendency in isolated groups is to direct anger, scorn, and

even ridicule, with an intensity often out of proportion to the focal

*63
issue, on external competitors and superior authorities. Commanders-

must realize the existence of this problem, and develop means of coping

with it effectively. Research in this area is obviously nee~ed, as means

of handling this displaced aggression are yet to be devised. How much of

a problem this might become in armored operations is not known.

The term coaustrophobiQt is well known to the American public. How-

ever, the US Navy is apparently the only branch of the military to be

concerned about this type of fear. The submarine service has attempted to'

find practical techniques to assess and detect individuals with sub-clini-

cal claustrophobic tendencies prior to exposure to confinement. The,

Escape Training Tank serves as a device for revealing these tendencies

to the medical officer's attention. A similar type of training device

that'armor might be able to use for screening claustrophobic-prone indi-

viduals is ar, underwater drivirt course which would be monitored by TV

* cameras. Thus, the individuals could be observed performing in a con-

fined environment.

6 3 S. Sells, and J. Rawls, op. cit., 1969.
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A Study of claustrepI-obic ra.crtions by Kinsey.n.nd Mu'phree 6 4 found

thnt nelthrr simple, screening me-hods nor Rorschnch teuring wa. -effeeti-c

in dateeting iv•ndvldtuas with tp-b-cOnirna claustrophobic tendencies.

the aubjecto In the atisly ]a.ter exhibit-d phobic responses which were a, -

parcntly precipitated or aggravated by stresses encountered in the sub-

marine service.

Kinsey and'Murphree reported three variant reactions: (1) about half

of the subjects were previously aware of their condition, but entered t:.e

submarine service anyway and, after doing so, could-not tolerate the re-

sulting discomfort.; (2) others were totally unaware of their claustrophcbic

tendencies until tbey suffered the'onset of acute symptoms;,and (3) stiY"

others appeared to be chronically anxious individuals who, in the face c:

unusual stress, unconsciously used the symptom to temporarily extricate

themselves from the situation. It was determined that volunteers for

hazardous or unusual duty may have been motivated to volunteer because .f

individual needs of which they were not necessarily aware.

In summary, Kinsey and Murphree found that claustrophobia, as a brcad

concept, is a symptom or symptom-complex which can occur in individuals' of

diverse personality structure and in response to.varied needs. It does,

however, seem more likely to appear- in individuals who hab.tually, utilize

hysteric character, defenses. They, therefore, concluded that it is not

likely that individuals with sub-clinical'claustrophobic ".c-.-.encies can

be detected until a stressful situation has provoked symptoms or until the

individual voluntarily seeks psychiatric help.

64
J. Kinsey and H. Murphree. CZaus t"ophobic Reactiono to Some Str.esses of
the Submarine Service, HRL Report No., 262, vcl 24, no. 2, Medical
Research Lab, US Naval Submarine Base, New London, Connecticut, April 1955.
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65
Whitney encapsulatdel.c-.ht wn.rjvntcd tank crewmen in each of four

e.xperiment:,' woirk fo,?j ur 924 h-,r':. The sitting posture, for the d!F-

eerei 'nacr' runý..d -rovo recl iniot c," fully upright. Each experlr-ent

inch•oed pnycV.cgtc,1 and . pnysiologic:-! testing. No i:nstances

rf severely ad-'-- .... •tt,, s 'ciatcd with the experimental condition

-ve 1 . t was ccncluded that the crw spaces used provided appro-

priate space for crew accommodations for prolonged occupation. lt should

be noted that this was a laboratory study ard individuals were noL re-

quired to perforn any tasks; occupation of the vehicle for 24 hours or17

was investigated.

Wbile peculiarities in behavior have been observed under conditiot~s

of confinement, the 1itexature reviewed did not indicate that conf- nemeat

-alone would result in oty gross personality disturbanc-.s.. Bizarre per-

"so:tality manifestatiors are reported primarily in the literaturc oi e.-rem±d,

sensory deprivation, and was not cited here as it did x,ot seem relevznt.

Sells and Rawls, in their review of the literature. Cso observe, 1.haL

the eonscquences of c-onfinement need not necessarily be sever,--. They

state:

On the other hand, in situations in-vuiving-trainedI,
disciplined personnel and, ir. the absence oIf major-
disorganizing forces of disnster, the occturrence of
serious overt interpersonal conflict, deterioration of
interpersonal behavior and grcup disorganization,
frequently ventioned in tho anecdotal literature has
been rare.

6 in no .' ih t~ng V.h*ch~e Tiesr~arh CrppulpŽ Trnvetigation, MPC-71/
rVi A,-my ilersonne! Research r,,milttee, September 1971.

66S. Se. ,nd J. Rawls, tr.. e-it., i169.
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Performnance Purngn/Aftej' ron fi ieiierit

In a stu~lv by Ilauty, 51 ubjects were conf ined it- a ii~~~ space

ca-bin for sý_ven drtys and pe-frirmed aeveral tasks on a four hour on/four

h-,ur off work/rvŽsc cycle. PerformancO of raidar monitorin~g andJ vigilarce

tasks declined, while rerf~rmance of dircrimination and pioblem-solving

68
tasks showedi little de~zr~emet. In a study by Crm~iston, subjects con-

fined individually in d S~all c.-!p~ule for 48 hours showed a decremer~t In

performance on an, aerial rec.onLaaibsan7C-- task, but not on cognitive

.ieasures such as letlc'QLual speed and lLcuzacy, form discrimination, or

lipht tat.itorir in ½ not~er study by Ormiston. 6 9 subjects cnn-i

filnc-6 ±ndividý t.y in. a small cubjicle for eii~t hcurs showed r-3et

fi-tencar on, trn&ACCng, itonli-or-'g or tire estirnation reaks -whcn corrp~nrTd

to'bc~ who vur- -,t co-fnf-ue.

Flinn, of: al" re.-xred t~tart _ubtb ects' confined ,.in a tMo-=f-,~ c~biir

ý;aulator fur Y!'days were~ :!..e to malizv-, eiaequate p.-xtforman._c and

3icx¶)e. c~es ite the: oc!_,urren-~ o' some person... resentmenL.. In a study

.)) FALMC1, Ot al., f..u' paivr f e&cbj- -.-t ýarcicipated ir a sizmulatad

'C. a,:,' "F'Isy.rioiA-al Ptoblena .- t 'Space Flilnt.. in 0. Benson, Jr.,
tin. ~ !-f C-1ot 8~J4 'kz sics -vc2 ?.odicine '-f Ae At-x). phere and

6p4aco', New Yrork- Jo,.i Uii. -y, 1950, pr 4, 77

ri-soi. 14 ' Colt~fineirer~t _,,YT'e&ie~iir~ erceptzuc7
Tuncft*oniaig, ASD Technic.vJ Report.61-577, Aernmoauticai 'istems Division,.

YIp'.)'t 61-258, Wrlc4ht Air Dev.elopment Ccmmand, Wrtght-rsatt rson AFB,
Chio, i961.

'D. [Ainn, .J. Monroe, 1... E cramer a~c! D. Aagk.-. `C ,- ucions in the
SAM T'wo-M.an '>pace C-tbio 4;lmulat.tj. IV R'haviniral Fto in Sailection

.. Hartni~an, 3. Welchý. -and K., 'it:Kez L'1. Ž'ertorr'aL.ce Elfe~ct.; in .".7-

Lay Siur.laited Space f lip.th, J-PI-oipace Med?.>'n~e, !967 3:, ~.098- l.
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17-dny spnre fll~ht. 'T'heir per1forTrance on a sex ies of *prychomotor' ta.Aks

was found to be tm-c~latrd to Ienpth of w'or) dry, day Versua night, ew

duratior, of flight. 'in a stiidy Fy flatina and Gaito, ' naval *rnliated men

were confined tinder- simuiated flIght- ronditions for t;.,ven days. Their seb-

ject.9 show~ed no deterioration of psychomotor or' inte~lectual functions,

evern though the confinement conditions were less than :iptimal.

All of the above studies were cited in Cannon,' Dr.,,cker, and Kesaldr, 7

which is one of the few souirces I d that ma~e an att.ývpt to ascertain

what Information was available in the 'Literature on arror operations over

extended periods of time.

Hicks, 74 in a series of studies, investigated the ef f ects of-cn

finement on riflemen's performan.ce in coubat relevant tasks following

periods of c-:-nfirneient in APCs. In particular, subjects were confined

for periods of four, eight, 12, or 24 hours. -Stamina, c'quilibriuzn, hand-

arm steadiness, an~d eye-arm coordination were all found to be adversely

affected. For iaxmple, in Hicks' f~our-hour study, 7 5  there was a signift-

cant loss in rifle firing accuracy,, a loss of -both atamfr.l.a 4nd gross motnr

coordination, and disturbances of equilibrium.

Further, Hicks foxut-, for repeated confinement of subjects acclivna-

tized to a hot-wet environment in Panama, t.sat the greatest --;-crement in

72
T. Wanna and J. Gaito. "Performanc^ . Haoitability, Aspects of Extended
Confinement In Sealed Cabins," :.~'eopac.a Medicine, 1960, .31, 399-406.,

73D. Cannein, F. Dr..:.er, and T. Kessler. Swummary of Literatu .re Revie~w on
Extenied QC-zi2tion4s, HumRRO Consulting Report, Human Resources Research
Org-iization, Alexandria, Virgin4 a, December 1964.

74f.licks, op. cit., 1964.

S.Hicks. The Effects of Four Hours Confinement in Mobbi'e Armored
Fperonnet Carriers on SeZected Comb~at Relevanmt SkiZ18: A Pitot Study,
Technical Memorandum 3-60, US Army Human Engineering Laboratories,
Aberdeen Proving Ground, Maryland, 1960.
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performance ccurred after the first period of confinement."" l.creasing

corfinement time and/or decreasing venttlat-on further did not decrease

performance. These observnatong suggest an adapta&tion pbheonomenon which

allcws the subjects to adjust to the environment while dtill mawrtaining

an acceptable level of performAnce. In this study, an acceptable perfor-

mance level was defined as perforwance -which did not differ significantly

from pre-confinement practice levels.

In a summary of his resuits. Hicks pointMd cut that several identi-

fiable factors contrlbuted to the observed perforwance decrements. The

most obvious was the extreme movement limitation imposed by the working

space av;d tbe resulting loss of circulaticn in the lower body. •ze rims

on the b,-.-ket seats and the backrests caused a d seal of discomfort,

9,rt cin•a.i y when riding over r,. d _rrain. A lack of adequate stowage

s'pace ai;o p'es n9ee, . pt '1em. Equipmenat had to be stowed in the aisle,

furth-- - estricting movement and increasing the cramping of crew members.

With longer stays in the vehicle, equipment became more and more a nui-

sance as it shifted about and cluttered the floor.

Summary and Implications

Relevant studies have shown, no serious or severe psychological or

physiological symptoms resulting from relatively short times of confine-

ment likely to be encountered in-armored vehicles. The discomfort from

confinement in armored vehicles is basically a physical restriction due

to the limited space available. Loss of gross motor coordination after

7 6 S. Hicks'. The Effects of Repeated Confinement on the Perfomrw ce of

Men in a Hot-Wet Environment,,Technical Memorandma 7-63, US Army
Human Engineering Laboratories, Aberdeen Proving Ground, Maryland,
January. 1963.
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short confinement has been 'observed and could become scrioor i? the cra

were to have to dismount and seek safety or engage in grounrd cowýn wtr

ou't readjustment time.

ThE, mont ohvlou8 factor which contributes Irt s- £ormance degradation

is the extreme limitation on bodiy scvement which is imposed by the

:Thlcla configuration nn. the resulting loss of circulation in the lower

bcdy. A.'!ioLgh not specifically mentioned as a problem in the research

reviewed, the restriction of the visual area imposed on the crew during

buttoned-up conditions should be investigated for its effects on target

detection and acquisition.

It may well be that performance durfig and following buttoned-up

)perations in the future will be quite different from that shown in the

few previous studies reviewed. Crew members in these studies operated

under less than ideal circumstances and in vehicles not designed for

operating under conditions of prolonged occupancy. Training for armor

crews has rarely emphasized closed-hatch operations and, if done at all,

was intended to cover onerations for short periods of time only, usually

when it was necessary to obtain protection against overhead artillery.

Better vehicle design, coupled with appropriate training, may comple~tely

counter any undesirable effects of short-term confinement.

Combat Stress

There are a number of factors in the total environment which incr.:-

fere with adjustment and are generally-accepted as being stressful. Among

factors which have becn cited as occurring in natural settings or employ-

t
4 as stressors in laboratory situations are such varied things as

physical danger (threat of injury or death), fatigue, isolation, sensory
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deprivation, confinement. crowding, personality incompatibility, lack of

privacy, noise, vibration, heat, cold, hunger, thirst, monotony, and fear

of failure. Although it has been proposed that arouaal resulting from

moderate levels of stress (particularly physical threat) may facilitate

performance, the degradation of performance under extreme or prolonged

stress is not questioned.

Many of the stressors listed in the paragraph above are likely to

apply at some time or another to tank crewmen during buttoned-up operations.

In fact, severa! stressors are likely to be acting in conjunction. Those

most applicable to the buttoned-up situation are discussed as separate

sections of this report (e.g., heat, cold, vibration; and noise). However,

the soldier, by virtue of his chosen profession, may also face the threat

of imminent physical injury or death during combat. This threat is prob-

ably the greatest and most consistent stressor he must cope with, and is

the subject of this section.

The nature of the relationship between combat stress and performance

is not well understood. Little success has b!en had in attempts to pre-

dict individual reactions to stress. Rel'ationships discovered in One

population or one time or one situation have iot been generalizable to

other settings.

Helmreich 7 7 stated that:

In laboratory settings where conditions are less extreme
than those in real life settings, investigators know
the high frequencies of failure [of subjects] to complete
studies be'cause of excessive emotional ntrain, large
decrements in performance, and profound interpersonal

7 7 R. Helareich. Hluman R-cantiozs'to Psychological Stress: Stress, Self.

Foteem, and Attitudes,, Technical Report No. 12, Department of Psychology,
University of Texas, Austin, November 1970.
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conflict. In contrast, successful. cbnfrontations with
extre-me stress ha-ve been noted in combat., explorationt
parties, paratroop training, and saturation diving. In
other wordn, L. projeerrion from laboratory to simulation
studies o' environmental stress would lead to the patently
false prediction that humans could not successfully tole-
rate rthe high stress found In natural settings.

One of the major conclusions reached by a fatigue and stress symposium

conducted by the Operations Research Office, Johns Hopkins University, in

195278 was the the "present knowledge of the fundamental mechanjisms of

fatigue and sttess is inadequate to define the degree of impairment,

establish permissible limits of deterioration, predict imminence of com-

plete collapse, and describe the interrelation of stresses and tolerance

limits under varying conditions." This panel recommended that data from

actual combat conditions be used to study fatigue and stress.

A useful definition of combat degradation was presented in a report

by Walker and DeSocio. 7 9

Combat degradation means any reduction in performance
of a system using human operators which is associated
in any way with the performance of the operators, and
is measured by the ratio of the error measured in com-
bat to the errrrs in some peacetime condition. It does
not include ay lack of reliability of the system or
any failure in performance of inanimate components.
Tt may be due to any factor affecting the operator, such
as inadequate riefing, difficulty of recognizing targets,
enemy evasive aneuver, as well as to combat stress, and
it can be reduced by "motivation."

Obviously, what Walker and DeSocio refer to as combat degradation is not

equivalent to the compl te psychiatric breakdown often reported during

long and intense combat. However, it serves as a reminder that performance

78 Fatigue and Stress Sym osiwn, 24-26 Taruary 7952. Operations Research
Office, Johns Hopkins University, Chevy Chase, Maryland.

79N. Walker and E. DeSocio. The Effect of Combat on the Accuracy of
Various Hum Oan crator Control Syertma, Report No. 9, Norman K. Walker
Associates, Inc., Betfiesda, Maryland, Arril 1964.
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can be de.raded b1 the stresses of eoabat without the affected individuals

becoming carsua ie6.

Mitchell., WaJier, a,'id Melland 8 0 attempted to correlate performance

Iii con(,,.Et ar pertormance fit particular artificial atreis uituations. One

sample was composed of 305 infantrymen in Korea and the other of 120

trainees at Fort Ord, California. The artificial combat stress situations

used were the mock parachute jump, electric shock, and firefighting.. The

correlation between the artificial stress test scores and combat perfor-

mance data were too low to allow use of the artificial test situation as

an indicator of stress toleiance.

As mentioned earlier,, the nature of the relationship between combat

stress and performance is not known. Stouffer, et al., 8 1 as reported by

82
Schultz, identified (in their extensive studies of World War II com-

bat) types of stress which serve to weaken man physically and psychologi-

cally. Some of these stresses include: (1) prolonged frontline duty

with its ever-present threats to life and limb; (2) extreme physical

discomfort, including extremes of temperature, inadequate food, water,

clothing, shelter, lack. of sleep, insects, filth, fatigue, etc.; (3)

anxiety engendered from a death or wounding of ciose friends and a

constant exposure to the wounded and dying; and (4) deprivation of the

83usual sources of affe,. and security. Garner, as reported by Schultz,

80y Mitchell, G. Wal• ind T. Meiland. Inferred Cor•,elaticn Between

Combat Performance r ome Fie'ld raboratory Stresses, HumRRO Memo-
ramdum, Human Reseat Unit, Fort Ord, California,' November 1958.

81S. Stouffer, et a]. The American Sctdier. Crombat and Its Aftermath.

(Vol 2), New York: Wiley and Sons, 1949.

82D Schultz. Pan-b, Beh~avor, New York: Random House, 1964.

63H. Garner. "Psychiatric Casualties in' Combat," War Medicine, 1945, '8
343-357.
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sugpgested that anything which roduced the sold[er's morale, such as loss

of confidence In his leaders, could also predispose feelings of panic.
k4

Sch'liIz notes thalet when i soldier is cut off from his usual sources of

affection, security, and status, he turns more and more to his military

primary group for satisfaction of his basic emotional needs. When this

sense of group identity and belonging is disrupted by too many casual-

ties or replacements, or when personnel do not have sufficient opportunity

to even develop this group identity, they are less able to resist the

stresses of battle and are more predisposed to behave as individuals and

to be concerned with self-survival rather than with survival of the group

as a whole.

Several studies of statistical records have shown that there is a

higher rate of psychiatric casualties among soldiers during combat than
during non-combat, 8 5 ' 8 6 as reported in Cannon, et al.87 Other records

show that when units remain in contact with the enemy during combat,

regardless of whether it, is moderate or' heavy, offensive or defensive

combat, there is a disproportionate increase in the number of psychi-

atric casualties'as compared to the number of wounded after four days. 8 8

This was not the case, however, for units advanicing against little or no

84D. Schultz, rp. cit., 1964.

85j. Sagebiel and L. Bird. "Study of Psychiatric Casualties Received at

US Naval Base Hospital From the Solomon Island Battle Area,"' Navj
Medical Bulictin, 1943, 41, 1629-1637 (Psychological Abstract, 18:504).

8 6 J. Marren. "Psychittric Problems in Troops in Korea During and Following
Combat," US Armed Forces Medical TournaZ 1956, 7, 715-726.

8 7 D. Canion, E. Drucker and T. Kessler, op. cit., 1964.

8 8 F. Hanson (ed.). "Combat Psychiatry: Experiences in the North Afri-

can and Mediterranean Theaters of Operation, American Ground Forces,
WWII," The Bullctin of the USA Medical Department, 1949, 9.
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opposition. There is little question but that the longer men are in cor-

bat, the more likely they are to become victims of combat exhaustion.

Records of men in the Normandy Assault 8 9 indicated, that men adjusted to

combat in five to seven days, reached peak efficiency in 21 days, and main-

tained this efficiency for about one week. After about 30 days, the first

signs of combat exhaustion (stomach disturbances, extreme irritability,

loss of confidence, fatigue, unr'elieved by rest up to 48 hours) began to

appear.

In the 4th Armored Division, ten weeks in combat was apparently the

breaking point for many men, as reported in a study by Mericle. 9 0

Mericle also reported that having a tank "shot out from under them" two

times was the limit for most men. Combat exhaustion symptoms were ex-

tremely likely if a third tank was destroyed by enemy action.

Various estimates have been given for the length o'f time troops
91

should be left in combat.. These range from 120 to 200 days. Based on

casualty rates in Italy, a goal of 120 days was set. Beede and Apple92

analyzed 2500 World War II (WWII) infantrymen with high-risk assignments

to determine the capacity of US infantrymen to withstand stress without

breaking down psychologically.- They reported the probability of becoming

8 9 R. Swank and W., Marchand. "Combat Neuroses: Development of Combat

Exhaustion," Archives of Nrurology and Psychiatry, Chicago, 1946,
55, 236-247.

9 0 E. Mericle. "The Psychiatric and the Tactical Situation in an' Armored

Division," Bulletin of US ArMy. Medics7 Department, 1946, 6, 325-334.

R. Swank. "Combat Exhaustion: A Descriptive and Statistical Analysis
of Causes, Symptoms and Signs," Journal of Nervous and Mental Disordere,
1949, 109, 475-508.

92G. Beede and J. Apple. Variation in Psychological Tolerance to Ground
Combet in World War II, Division of Medical Sciences, National Research
Council, Washington, D.C., 1958.
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a batt. e.,caslu.1ty to be adecreasinE function of Stress, and the proba-

bility of becoming a psy'htatrlc. casualty a rapidly int-reasing one. Beede

and Apple also estimated that about halt' of the men would breakdown psy-

chologically If subjected to more. than 8G to 90 days of -combat during

•.hich their corpany sustained casualties. The records of rifle companies

in WWII showed that the average time requirement placed upon men in the

Mediterrean theater was such as to exceed the breaking point of 45-50

percent bf the men.

Davis and Taylor93 studied the effects of combat stress during the

Korean conflict. They found that "proportionately more time was required

to recover physiological normalcy following intense combat thane following

less intense combat such as a holding defensive action...."

Berkun,' et al.,94 compared the behavior of combat-experienced troops

and troops with Army experience (new recruits with up to but not more

than four weeks of basic training) when faced with a perceived threat of

injury or ,death. Although the subjects were not actually in danger, they

found themselves L, situations in which they thought that accidental cir-

cumstances placed them in the path of a forest fire, an artillery practice

impact area, or in an area of heavy radioactive fallout. The inexperi-

enced troops broke down more easily and were unable to help themselves,

whereas the experienced troops took appropriate measures to deal with the

situations.

9 3 S. Davis and J. Taylor. Stress in Infantry Combat, Technical Memo
ORO-T-295, Johns Hopkins UniverSity, Chevy Chase, Marylrad, September
1954.

9 4 M. Berkun, H. Bialek, R. Kern, and K. Yagi. "Experimental Studies of
Psychological Stress in Man," Psychological Mvonographs, 1962, 76,
No. 15 (Whole No. 534).
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Muclh anecdotal Information is available on combat stress. However,

it is virtually impossible to verify its validity. Also. anccdotes

alm6st always deal with extreme cases. Therefore, taken at fuce value,

they might well. lead to expectations that cannot be fulfilled. 9 5

Unfortunately, most of the data available on combat stress concerns

either infantry, or is nonspecific regarding duty positions. No data

concerning armor crewmen specifically was located. As a result, there are

no indications as to whether armor crewmen are more or lees prone to

psychological breakdown than other soldiers.

Experimental studies of extreme or long-term stress are rare indeed.

The ethics of stress research have always been questioned by some, and

have become much more of an issue in recent years. As a result, the data

which are available tend to come from the behavior of people during war-

time or during and following natural disasters. The lack of control in

such naturalistic observation makes evaluation of stress effects diffi-

cult under combat or other hazardous conditions. 9 6

Summary and Implicatians--

The literature on stress enumerates many problems involved in drawing,

comparisons between perfor-ance in laboratory studies and field studies.

It is generally conceded that there is little correlation between perfor-

mance in combat and performance in artificial stress situations. This

naturally makes 'it difficult to conduct realistic research on stress

tolerance to combat. Studies conducted concerning actual combat situations

9 5 D. Cannon, E. Drucker, and 1. Kessler, op. cit.i' 1964.

S96W. Harris, R. Mackie, and C. Wilson. Perforrwnce Under Stress: A

Review and Critique of Recent Studiesj Technical Report VI, Human
Factors Research, Inc., Goleta,. California, July 1956.
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indicate high casualty rates due to psychological breakdowns. The in-

vestigators agreed that there is a. limit to man's capability to withstand

combat stresses. However, estimates of how long men can remain in combat

and still function effectively ranged from 30 to 200 days.

Few studies were uncovered by the literature search dealing directly

withstress under buttoned-up conditions. Combat studies dealing with

stress have been largely concerned with evaluating performance with

infantry units. Similar research on the effects of combat on armor

specialties specifically is needed.

Noise

The effects of noise on the human organism can be classified as:

(1) simple annoyance, (2) interference with verbal communication, (3)

effects on psychophysical functioning, and (4) permanent hearing loss.

Most of the criteria for noise limitation have been set to prevent per-

manent hearing losses. Design standards for Aimy materiel for this

purpose are contained in Human Engineering Laboratory Standard (HEL STD)

S-1-63B.97 Hedge,98 in his presentation to the Conference on Continuous

Operations in 1971, felt that the best available Damage-Risk Criteria

(DRC) for both steady-state and intermittent noise were those developed

by the National Academy of Science/National Research Council (NAS/NRC)

97R. Chaillet and G. Garinther. Maximum Noise Level for Army Materiel

Command Equipment, HEL-S-1-63B, US Army Human Engineering Laboratory,
"Aberdeen Proving Ground, Maryland, June 1965.

9 8 D. Hodge. "Environmental Quality Considerations for Continuous Opera-.

tions," in D. Hedge (ed.), Mi7.itary Requirements for Research of
Continuous Operations, Proceedings of a Conference Held at Texas Tech

SUniversity, Lubbock, Texas, 28-29 September 1971, Technical Memorandum
12-72, US Army Human Engineering Laboratories, Aberdeen Proving Cround,
Marland, April 1972, pp 39-50.
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CQmMItttee on He aring, Bloacoustics, and Biomechanics (CRABA). The

100National Institute of Occupational Satety and Health K7T'S) hes

also published a set of standards. However, this latter may not be

applicable to a nilitary environment for two reasons. First of all, these

standards are set for personnel working 40 hour weeks over a lifetime in

a given situation. Military personnel rarely work in the same situation

so consistently. Secondly, in a specific military setting, 'the cost of

maintaining peacetime industrial standards may be so great as to force

an acceptance of some amount of hearing loss to personnel. A tradeoff

between desirable and achievable limits is often necessary. Also, in

situations where noise levels are expected to exceed accept.'ble levels,

the Army assumes that protective devices will be worn. Criteria for regu-

lar exposure to noise for periods exceeding eight hours have not been

developed.

While agreement on standards is not perfect, disagreement is not

great. In general, it is accepted that the upper limit for steady-state

noise is in the vicinity of 90 decibleg (dB). The upper limit for impact

noise depends on the number of impacts received per unit time, but Is in

the area of 140.dB for relatively infrequent impacts. Occasional impact

noise levels up to 160 dB are considered acceptable by the Army.

101
Military Standard (MIL STD) 1472A0 sets the Army standards .for

permissible noise levels for non-interference with speech. The acceptable

"9 Hazarwdous E7posure to Intermittent and Cteady-State Noise. Report of
Working Group 46, NAS-NRC Committee on Hearing, Bicaccustics and Bio-
mechanics (CHABA), Washington, D.C., January 1965.

100 [Conference on] Noise Evaluation and Con.-rol, Temple Texas, 1975, pre-
sented by Texas A&M University, Occupational Health and Safety Institue.

1 0 1 Military Standard 1472A. Hznan Engineering Design Criteria for tlZitc.ry
Systems, Depcrtment of Defense, Washington, D.C., May 1970.
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levels are, of course a funcicn of the 1 cvol 'of the spee,' ,mmunica-

tion.

There is a considerat'e body :;L research on the effects of noise.

In general, the findings have been consistent. Therefore, in the sec-

tLions that follow, only a few examples illustrating specific findings

relevant to this research area will be cited.

Effects on Hearing

The damage to hearing caused by noise is dependent upon the particu-

lar individual, the intensity of the noise, its spectral composition, and

its duration. Hearing losses become greater under high intensity, long

duration, and narrow band width noises. 1 0 2 Hearing loss is also most

rapid at the beginning of exposure. 1 0 3

Subjects exposed to a loud continuous noise for 22 days over a 47-

day period had their hearing measured after one, 12, and 90 days. The

initial loss in the low frequency areas was small and showed a slow but

steady recovery. Those who showed the greatest threshold shifts sus-

tained the greatest permanent loss.1

105 106
Mills, et al., and Yuganov, et al., investigated the recovery

from temporary threshold shifts in acuity after exposure to noise.

102C. Morgan, J. Cook, A. Chapanis, and M. Lund, op. cit, 1963.

103F. Berrien. Relation of Noise to Habitability of Submarines. A Survey

Report on Hwuan Factors in Undersea Warfare, National Research Coumeil,
Panel on Psychology and Physiology, Washington, D.C., 1949, pp 345-355.

104J Fletcher and M. Loeb. Changes in the Hearing of Personnel Expoeed

to High Intensity Continuous NIoise, USAMRL Report No. 566, US Army
Medical Research Lab, Fort Knox, Kentucky, 1963.

105J. Mills, R. Gengel, C. Watson, and J. Miller. "Temporary Changes of
the Auditory System Due to Exposure to Noise for One or Two Days,"
Journal of the Acoustical Society of America, 1970, 48, 524-530.
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106I,. Yuganov, T. Krylov, and V. Kuznetsov. "Standard for Noise Levels

In CntinF; of Fpacerraft Ditring Long-Duration Flights," in V.
Chernigovskiy, (ed.), -.,lcmc fn Space Biology. Vol. 7: C.perca+ýOnal
Activity, Problemns in HabitabiZity and Biotechnology, Moskow: Nauka
Press, 1967, 319-341 (Technical Translation F-529, National Aero-
nautics and Spnce Administration, Washington, D.C., May 1969).

They found that recovery took much longer when given shifts resulted from

shorter exposures.

In a study of Army enlisted men exposed to aircraft noises, Senturia10 7

found that 18.9 percent of the men tested showed elevations in thresholds

of at least 15 dB for at least one frequency. Following exposure to

flight and noise of 114 dB, subjects with 24 hours of rest showed re-

covery, while those with only one to eight hours of rest showed widespread

hearing losses (as revealed by elevated thresholds).

It seems clear that exposure to intense sound levels produces at

least a temporary shift in auditory acuity. Permanent damage may result

if the intensity is too great or too prolonged. High Intensity noise

108usually produces discomfort even when there is no effect on hearing.

Also, intermittent noise and high frequency sounds are typically judged

more annoying than steady-state and low or medium frequency auditory

stimuli. However, the subjective discomfort produced by these sounds

may be more a function of their distracting properties than their effects

on hearing. 1 0 9

10 7B. Senturia. "The Influence of Airplane Noise on Auditory Thresholds,"
Ann. Otol., etc., St. Louis, 1953, 62, 331-349 (psychological
Abstracts, 29:3511)'.

1 0 8 R. Plutchik. "The Effects on High Intensity Intermittent Sound on

Performance, Feeling, and Physiology," Psychological Bulletin, 1959,
56, 133-151.

109
C. Morgan, J. Cook, A. Chapanis, and M. Lund, op. cýt., 1963.
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Whether any' of these effects will be more severe in buttoned-up

op.rations than in normal armored operations remains to be determined.

Noise Level In Armored Vehicles

Garinther and Blazie11 0 obtained noise measurements in M60AI tanks

during four days of platoon-sized maneuvers. The average sound level of

a tank during operation was 98.5 dBA in the turret and the sound level at

the communications system earphone was about 104 dBA. This suggests that

the primary cause of hearing damage among tank crews may be the high fre-

quency noise levels produced at the ear by the communications system.

Stewart and BarrowI1 I studied hearing loss in tank gunnery instruc-

t,rs. They developed hearing losses, first in the high tones and later in

tones associated with normal speech. In another study on gunnery in-

structors, Machle112 reported that with repeated exposures, hearing loss

was similar to that observed in individuals who were exposed to sustained

high levels of steedy-state noise. Hearing loss was cumulative, but even

after exposures of six .•o eight days, recovery occurred in a few days.

Exposure to noise In the interior of the M114 armored command and recon-

naissance (scout) v,ýhicle for one hour resulted in temporary hearing loss,

but a one-and-onc-half hour, rest period after exposure restored normal

hearing. 1 1 3

ll10. Garinther and D. Blazie. Acoustical Evaluation of the M6OAI Tank

During Typical Operations, Technical hemo, US Army Human Engineering
Laboratories, Aberdeen Proving Ground, Maryland, March 1973.

lJl. Stewart and D. Barrow. "Conrission Deafness," Archives of

Otoczargng•J .qy, Chigao, 1946. 44, 274-279.

112W. Machle. "The Effect of Gun Blast Upon Hearing," Trrav. Amer.

Acad. Ophfhal. Otclaryng., 19'44-1945, 49, 90-96.

113C. Garinther. rnterior Noise Evaluation of the T214 Armorod 'UrVnand

and R;coý?Yzaisv•c-, Vehicle, Technical Memorandum 3-62, US Army Human
Enginenring Laboratories, Aberdeen Proving Ground, Maryland, 1962.
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Wiegand 1 1 4 investigated hearing loss with German tank test drivers.

Audiograms were obtained for 84 tank test drivers and 49 engine test bed

operators. He-found that the noise level in the crew compartment during

movement was between 95 and 120 dB for German army tanks. He concluded

that without protection, tank noise will cause rapid and permanent hear-

ing loss. Even with protection, the reduction was not adequate, es-

pecially for the frequency range below 10-24 Hertz (Hz). Estimation of

hearing loss was dependent on the method of measurement and the procedures

used for evaluating hearing loss. Nevertheless, it was concluded that

for noise with this spectral content and intensity, personal hearing pro-

tection will be of limited effectiveness. Measures for reduction of noise

levels within these tanks must be taken mainly at the noise source itself.

Effects on Performance

115
Forshaw, Coffet, and StongI! conducted a noise survey of the Centurion

tank used by Canadian forces. The results of the study indicated that

drivers and crews of vehicles and certain instructors and weapon crews rou-

tinely exceed the limits prescribed by Canadian military standards. They

concluded that more effective hearing protcction devices and headsets were

required for vehicle crews.

In a series of six studies on the effects of high intensity noise,

CorsoI 1 6 found no deterioration in intelligence test performance, the

114D. Wiegand. Heari'ng Lose Due to Tank Noise, Library Translation 1748,
Royal Aircraft Establishment, April 1974.

S. Forshaw, C. Coffet, and R. S~ong. A Survey of Noise Hazrzrie at
the Combat Arms School, CFB, Vagetown, DCIEM No. 814, Behavioral
Sciences Division,' Defence and Civil Institute of Environmental Medi-
cine, Downsview, Ontario, Canada, September 1972.

SCorso.' The Effects of Noise on P "an Behavior, WADC Technical.

Report No. 53-81, Wright Air De%-diopment Command, Wright-Patterson
AFB, Ohio, 1952.
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retention of nonsense syllahles, or the retention of meaningful verbal

Ina. Uiri j. However, differences it- pulse rate and pulhne prvr;sure- identi-

fied people as to their susceptibility to noise.

117
Park and P•aync1 stiwiled the performance of college men subjected

to 98-108 dB noise levels. They found there was greater variability in

performing simple and difficult division problems during intense noise,

but no significant decrease in the number of correct solutions. Plutchik1 1 8

found no effect of 105-122 dB noise levels on the time required on a mir-

ror tracing task or on a compensatory tracking performance task. Subjects

performing the Minnesota Clerical Test and the Revised Minnesota Form

Board showed an increase in the number of attempted items and an increase

in the number of correct items when subjected to sound bursts of 100 dB,

but there was a drop in overall quality as indicated by an increase in

the number of incorrect responses. The overall effects, however, were
119

to small to be of practical concern.

Azrin12 0 studied 80 soldiers performing a temporal discrimination

task. Adverse effects from changes in noise intensity were reported, but

these effects were temporary and recovery occurred within 15 minutes.

lJ7j. Park and M. Payne, Jr. "Effects of Noise Level and. Difficulty of

Task in Performing Division," Journal of Applied Psychotogij, 1963,
47, 367-368.

lI8R. Plutchik. "Effect of High 'Intensity Intermittent Sound on Com-

pensatory Tracking and Mirror Tracing," Perceptual and Motor Ski•zLa,
.1961, .12, 187-194.

K. Smith. "Intermittent Loud Noise and Mental Performance," Science,

1951, 114, 132-133.

120N. Azrin. I:ome Effects of lioise 'on Hznan Behavior, Technical Memo-
randum 6-58, US Army Humuan Engineering Laboratories, Aberdeen
Proving Ground, Maryland, 1958.
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Performance on a watchkeeplng task (monitoring a display of steam-pressure

gages) was impaired by a 100 dB noise when compared to performance under

a 70 dB' noise level. On an easier task, some subjects were affected by

the noise, although all subjects became less effective with continued

121
exposure.

Summary and Implications

There is good evidence that hearing is at least temporarily impaired

by the noise levels which may be normally encountered in tanks. There is

also evidence that continued exposure is likely to result in some perma-

nent hearing loss. At best, the noise levels are likely to be annoying

and distracting. However, there are no data which deal specifically with

the differential effects of noise during buttoned-up operations compared

to open-hatch operations. Tuo questions concerning noise which must be

answered are: (a) Does closing the hatches increase the intensity of

normal noises such as engine and road noises, and (b) is the impact noise

from firing the main gun higher in intensity with the hatches closed? If

the answers to these questions are negative, then it can be assumed that

noise is no more of a problem in buttoned-up operations than in open-hatch

operations. However, if the answer to either is affirmative, more re-

search on the 'effects of noise will be necessary. Part of this research

obviously should be concerned with protective devices.

D. Broadbent. "Some Effects of Noise on Visual Performance," QucarterlZ

Journal of Fxperimental Psycho, ogy, 1954, 6, .1-5.
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Vibration

There are Feveral indi-ect effects of motion on crew comfort. The

most important of these is fartiue resulting either from the motion it-

self, or from the effort expended preventing tossing while attempting to

maintain a satisfactory sitting position or in trying to perform neces-

sary functions. Other phys ological reactions, such as nausea and dizzi-

ness, may also contribute to crew discomfcrt. Sternick, Stimmel, and

122Sattinger, in discussions with military personnel, discovered that many

individuals have a strong fear of being injured by violent motions that

could throw a person off-balance, that is, by the high amplitude transient

motions that may occur when a vehicle traverses obstacles. Because of the

likelihood of injury or even death in battle, soldiers are inclined to

believe that the ability of the vehicle to perform its necessary functions

during combat is more important than their own comfort. As a consequence,

they tend to be satisfied with the ride characteristics of existing ve-

hicles, and this tendency increases as they become acclimated to these

characteristics.

The Armored Medical Research Laboratory1 2 3 conducted an investigation

of the relationship between physical effort and feelings of fatigue in

tank crews. Of all the, tank commanderfs tasks, the effort to hold and

balance himself was found to require the greatest physic4 energy o-.tput.

122S. Sternick, D. Stimmel, and I. Sattinger. Hunan Reaction to MiZitar-

VehicZe Ride, Institute of Science and Technology for the US Army,
University of Michigan, Ann Arbor, undated.

123Appraiesa of Kind and Degree cf PhysicaZ Effort Required of Tank Crews
in ReZation to Fatique. P,:'oject No. 5-13, Armored Medical Research
Laboratory, Research and Development Division, Office of the Surgeon
General, Department of the Wrmy, Fort Knox, Kentucky, March 1945.
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This difficulty was due to the roughness of the tank's ride. The greatest

physical energy expenditure for the gunner and driver was reported to be

in maintaining a sitting position.

Sternick, et al., found that subjective evaluations of crew-vehicle

capability appear to have an important bearing on performance, particutarly

with respect to maximum permissible speed at which off-road vehicles can

traverse rough terrain. The results of their interviews with military per-

sonnel indicated that maximum speed is largely a function of the driver's

evaluation of his own ability to withstand violent motions. Even at mode-

rate speeds, the discomfort associated with veLicle motion can reduce crew

morale or otherwise indirectly affect their capability. The results of

the interviews also indicated fear of personal injury as an important fac-

tor in determining maximum speed.

Despite tankers' fears, they are probably as rugged as the vehicles

124they operate. For example, Horley, in a study on the vibration tole-

rance of tank drivers, reported that the drivers can take more punishment.

than the tank s,,mpeBflOn can.

Effects on Performance

Loeb125 studied the effects of 98 dB of noise and two amplituWk levels

of 20 Hz vibrations. He found that, although noise did not affect his sub-

jects' performance on a number of psychomotor and other tasks, increasing

1 2 4 Personal Communication, in D. Cannon, E. Drucker, and T; Kessler, Swrmary
of Literature Review on Extended Operations, HumRRO Consulting Report,
Human Resources Research Organ.zation, Alexandria, Virginia, December
1964.

1 2 5 M. Loeb. A 'Preliminary Investigation of thig Effects of Wholc-Bocýd

Vibration and Noise, Report No. 145, US Army Medical Research Labora-
tory, Fort Knox, Kentucky, 1954.
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levels of vibration progressively impaired visual aciity. The only other

measure which was affected was a measure of manual steadiness. According

to Loeb, "the nature of this effect is not a simple one since compen-

sating mechanisms may 'be brought in at various intensities." Hornick 1 2 6

found that low frequency vibrations (similar to that encountered in moving

'vehicles) significantly impaired human performance involved in the con-

trL1 of a moving vehicle, i.e., compensatory tracking ability, choice

reaction time, foot-pressure constancy, and peripheral vision, during

and/or following vibration exposure.

Grether127 investigated the combined effects of heat (120*F), noise

(105 dB), and '-ibration (5.0 Hz, 0.30 Peak G) on tracking performance,

choice reaction time, voice communications, mental arithmmtic, mai visual

acuity. Various physiological measures (body temperature, heart rate, and

weight loss) were taken. The combined effects of the three stressors

used did not produce any greater effects than did the most severe single

stressor. Of the two-way interactions, only heat stress was seen as pro-

ducing further effects. Thus, in this study, noise and vibration were

seen as producing the greatest performance decrement. Of the performace

measures, particularly the tracking test, impairment was slightly less

for the triple-stress condition than for vibration' alone. A second' study

yielded essentially the same results'.

R. Hornick. "Effects of Whole Body Vibration in Three Directions upon

Human Performance," Journal of Engqii.eei'inq PsychoZogy, July 1962,
1(3), 93-101.

127W. Grether. Two Experiments an the Effects of Combined Heat, Noise,

and Vibration Stress, Aerospace Medical Research Lab, Wright-Patte-.son
AFB, Ohio, 1972.

59



Mozell and White 1 2 8 studied the effects of double amplitude ire-

quencies between 0 and 50 Hz with amplitudes of .05, 0.1, and .16 inches

on subjects' performance in reading a mileage indicator, and performance

in a tracking test. They found that frequencies above 8.0 Hz had ad-

versely affected visual performance, with 40-50 Hz producing the greatest

decrement in reading the mileage indicator. The vibration levels used in

this experiment did not have any significant effects on tracking perfor-

* 129mance. Fraser, Hoover, and Ashe, however, found a decrement in

tracking performance related to the amplitude of vibration. The double

amplitudes they studied were 1/16, 1/8, 3/8, and 1/4 inches, at frequen-

cies of 2.0, 4.0, 7.0, and 12 Hz. They also found "a significant but

inconsistent decrement ... under most circumstances when the display does

not vibrate in conjunction with the subject."

Catterson, Hoover, and %ke130 also found a decrement, related more

to amplitude than to frequ, ncy, in performance on a complex tracking task.

They studied double mrn.itudes of .13,and .26 inches at frequencies

ranging from 2.0 to 15 Hz. Although each of their subjects successfully

completed the 20-minute exposure to each of the levels of vibration, all

reported varying degrees of abdominal, ba(k and chest pains at the higher

vibration frequencies (60 to 15 Hz) with the .26 inch double amplitude.

128M. Mozell and D. White. "Behavioral Effects of Whole Body Vibration,"
JournaZ of Aviation Medicine, 1958, 29, 716-724.

12 9T. Fraser, G. Hoover, and W. Ashe. "Tracking Pezformance During Low-
Frequency Vibration," Aerospace •ddicine, 1961, 32, 829-835.

130A. Catterson, G. Hoover, and W. Ashe. "Human Psychomotor Performance
During Prolonged Vertical Vibration," Aeroepace Medicine, 1962. 33.
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Trackiyiy proftclenz..y declined early in the 20-minute period, but was no

worse after 20 minutes than it had.been after five minutes at each lev&l

of severity. A pbysician was in attendance during the vibration exposures,

but none of the subjects suffered injury, nor did any of them volun-

tarily stop the vibration, although they were instructed to do so if the

vibration became intolerable.

In his review of the subject, 'Linder 1 3 1 indicates that vibration has

an adverse effect on aiming, auditory acuity, equilibrium, foot-pressure

constancy, and reaction time. Collins,' 3 2 in his literature review,

cites studies which involved both horizontal and vertical motion com-

ponents in a simple tracking task. In all the studies which used vertical

vibratien, it was found that the vertical component of tracking error

showed significantly greater decrements than the horizontal component.

"Chanty and Parks,133 who varied the two components separately in two

different tasks, also found greater decrements in the vertical tracking

task.

134 135
Studies by Hornick and LeFritz, and Holland approximated long-

term vibration environments, and both found performance decrements over

131
* 3G. Linder. "Mechanical Vibration Effects on Human Beings," Aerospace

Medicine, 1962, 33, 939-950.

132A. Collins. "Decrements in Tracking and Visual Performance During
Vibration," Hwman Factors, 1973, 15(4), 379-393.

13 3R. Chaney and D. Parks. Tracking Performance Durn Whote-Bocj
Vibration, Technical Report No. D3-3512-6, The Boeing Company,
Wichita, Kansas, 1964.

134R. Hornick and N. LeFritz. ";tudy and Review of Human Responses to

Prolonged Random Vibration," Hwuan Factors, 1966, 8, 481-492.

S.135C. Holland, Jr. Performance and PhyeioZogicaZ Effects of Long-Term

Vibration, Report No. AHRL-TR-66-145, Aerospace Medical Research Lab,
"Wright-Patterson AFB, Ohio, 1966.
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fItoe. However, Holland'.s stui,' qsiggested that fatigue tffecrs.are no

grezter In vibration environments than In non-vibration envtronm,-nt-s.

KhalIl anr. Ayaub13b inveatigated the effects of work/rest schedules

upon an (nd1"v.dua&.1 performance of a vertical compensatory trac:king task

performed in normal and vibration environments.: Subjects performed this

task using four work/rest schedules for a period of one hour. Some of

their conclusions were: (1) vibration causes significant decrement in

vertical tracking- ability (absolute 'tracking error score increased by as

much as 43 percent under vertical vibration); (2) complete recovery from

vibration effects did not occur during the period (15 minutes) allowed

for recovery; and (3) the work/rest schedules having the longer work/rest

phases (30/30 minutes) showed less decrement in performance as measured

by average error scores resulting from vibration than those having shorter

work phases.

In a follow-on study by Dudek, Ayoub, and El Nawawi, 1 3 7 it was found

that as the work/rest schedule increased from 30/30 to the 60/60 minute

cycles, lower error scores were experienced in the vibrating environment.

Inma normal environment, increasing the work/fest times resulted in

greater error scores. In general, t.. 30/30 minute work/rest schedule

appeared to be best under all conditions in all the studies.

138,EI-Nawawi studied the effects of both normal and vibration environ-

ments upon different crew sizes. A simulated four-station work system was

T. KhaLil and M. Ayoub. "Performance and Recovery Under Prolonged
Vibration," submitted to Hwamm. Factors, 1970.

R4 Dudek, M. Ayoub, and M. El-Nawawi. "optimal Work-Rest Schedule.;
Under Prolonged Vibration," paper presented at the 4th International
Congress on Ergonomics, Strasbourg, Fr•nce, June 26-July 37, 19?0.
M. El-Nawawl. Crew, Performance in Extended Operations Under Vib~ra-
tional rfre•,:•, Doctoral Dissertation, Texas Te'•h University, Libbock,' 1971 .
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Investigated wirh assiignment of subjects to simulate eight-, six-, and

five-man crew operation witl- . work cycle (60 and 30 minutes) used in

the crew schedules. ft was found that tracking error s;cores increased

up' to 21 percent under vertical vibration. Vibration effects on track-

ing accuracy remained the same the first and second two hours of the

mission with wider dispersion in the latter two hours as well as indica-

tions of the effect 'of fatigue and/or boredom. In general, the 30-minute

work cycle yielded lower tracking error scores than those obtained under

the 60-mifiute work cycle schedules. The advan'tage of performance for the

30-minute work cycl0 schedules was greatly affected in the long duration

(two hours) missicns, especially under the vibration environment, which

can be attributed to the smaller rest sessions provided in the work

schedules.

Summary and Implications

It is clear from the literature that tankers fear 'njury while nego-

tiating obstacles or rough terrain, especially at high speed. It seems

likely that much of this fear, as well as actual injury, can be.avoided

by the judicioits placement of crash pads and the employment of inertia-/
reel type safety harnesses such as are installedin many of the newer

automobiles. Seats designed for greater comfort and safety shculd also

be considered.. Finally, in locations where crash pads cannot be used,

sharp corners on projections could be eliminated. A veteran tank com-

mander described his remedy for sharp projections to the senior author.

He picked up a ballpeen hammer and said that he "whacked the hell out of

anything that hung him" so that the corners or sharp edges would be

"rounded. A rather draftic approach to the problem, but, nevertheless,
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it points to a need for more thorough planning when considtring crew

safety.

Vibration, especially the vertical component, appears to adversely

affect tracking performance. Whether or not hit probabilities will be

significantly degraded by vibratiorn and at what amplitudes and frequen-

cies, could not be determined from existing data. Certainly, this area

is in need of investigation.

While the data available indicate that vibration is a major concern

to tank crewmen, vibration is iot li kely to be any greater during closed-

hatch than open-hatch operations. Therefore, the only real concern

peculiar to closed-hatch operations in the concern with the ability of,

crewmen to anticipate violent movements due to their reduced visual

capabilities.

Radiation

One problem which must .be faced is the extent to which threat of

expozure to radiaticn creates stressful conditions, Since parformance

under stress is frequently poorer than performance under' cther conditions,

It becomes important to indicate ways in which these ill-effects may be

avoided or overcome. The likelihood of tactical n clear weapons being

used in a mid- or high-intensity war is extremely igb. It is important

to be able to answer whether the threat of exposrn" to radiation will give

ris- to psychological stress. Some insights have ome from a survey of

current industrial practices with respect to the p oblem. The consensus

of these practices is that stress and anxiety may e reduced by providing

a realistic orientation to the situation and train g personnel for emer-

gencies.
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A general finding reported by Smith and Cox 1 3 9 (generated from among

support personnel who were not familiar with radiation safety procedures)

was that they expressed their anxiety by blaming radiation for various

unrelated symptoms which they had dtveloped.

In the studies examined, there were no significant effects on perfor-

mance due to ionizing radiation, except for the finding that If the dose

was large enough to produce radiation sickness, that sick-ness would affect

performance.

Effects of Radiation

Payne reported that 200 roetgens was not enough to produce radiation

sickness aimmg a group of persons suffering from various forms of cancer.

The radiation was given in a single dose or fracticnal doses over a five-

hour period. Payne studied performance in a variety of psychomotor tasks,

including rotary pursuit, tao-hand coordination, and a teLt of complex

coordination. A qualifying factor is that studies of the effects of radi-

ation have been concernied only with accidents at nuclear reactor facili-

ties, or vtth people ausfezing from neoplas,.ic diseases. In this latter

case, however, the dose of radiation is determined by the i11r.ePs nf the

subject. In the studies by Payne, subjects were observed for a maximum

of ten days. At the end of the ten-day period, there was :an Indication

that performance had begun to fall among those subjects who had been

exposed to greater amounts of radiation.

1 3 9 R. Smith, Jr., and J. Cox, Jr. MIt1'ods (if -,-ductit: of Ziv!., oZogicva
.Trcse Pxa- Oo Pcd'at*.cm:, AFPT:(C-T?-57-19, P4'rsoYncl Laboratory, Air
Force Personnel and Traininp Research Cxnter. Air Research Development
Command, Lackland AFB. Texas, February 1957.

140R. Payne. Effecto of Acute Reidiaticvn Fxouiv ont I/w'rn Performance,
USAFSAM Rev. 3-63, 1963.
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Cannon, Drucker, and Kessler,141 quoting from an Air Force Manual, 1 4 2

stated that:

No permissible level for acute exposures has been
established. Present knowledge (November 1962)
indicates that 25 roentgens causes no observable
reactions, 50 roentgens results in detectable changes
in the blood, 100 roentgens produces nausea and,
vomiting, 300 to 550 roentgens gives the indivi-
dual a 50-50 chance for survival without medical
care, and 650 roentgens is lethal. Experimental
animals will' survive if the equivalent exposure is
divided into two or more exposures separated by an

interval of time; however, their life span may be
shortened and tumors may develop.

Saenger's study'1 4 3 indicates that individuals who have had previous

exposure will be less tolerant to subsequent exposure even after they have

completely recovered. Individuals who were exposed previously may, upon

being reexposed, become combat-ineffective immediately and become incapable

of sustained or heavy work for weeks or months. Premonitory symptom upon

exposure to radiation are nausea, vomiting, anorexia, and lassitude which

may last for hours. The intermediate effects usually last weeks. It was

found that human beinrs recover slowly from the effects of radiation and

are henceforth quite sensitive to -adiation and often exhibit multi-system

involvement.

Kennedy, Ball, and Ho't 1 4 4 estimated that the only immediate effects

of an initial radiation dosage of up to 150 rems would be mild nausea within

a few hours, followed by virtually complete recovery which would last for

141D. Cannon, E. Drucker, and T. Kessler, op. cit., 1964.

2uoZear Radiation Guide. MRL-•;R-62-6l, Aerospace Medical Division, 1962.

1431E. 8.engsr. Metabolic Changes in Huarns Following Total Bo4d Irradiation,
DASA 1422, University of Cincinnati College of Medicine, Cincinnati, 1963.

144 T.Kennedy, J. Bali, and B. Hoot. Expedient Field Fortifications for Use

Against Nuclear Weapons (U), AEWES Technical Report N-74-7, Army Engineer
Waterways Experiment Station, Vicksburg. Mississippi. September 1974.
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approximately ten days. Therefore, men would be capable of fighting ef-

fectively for 'a considerable period of time following the decline of the

hazard to relatively safe levels. The protection offered by a buttoned-

up armored vehicle, coupled with its ability to move out of n radiation

field, should offer occupants not in the.immediate vicinity of the ex-

plosion a reasonable opportunity to avoid lethal or totally incapaci-

tating dosages,

Efforts to Minimize Effects of Stress From Radiation

Smith and Cox 1 4 5 felt that the use of orientation training is the

most feasible approach to avoiding the problem. It is frequently possible

L.y training to change a fear of the unknown to a healthy respect for the

known. It is important that orientation procedures be complete and effec-

tive, otherwise, the process may result in an underestimation of the

seriousness of radiation, with attendant carelessness, and failure to

adhere to safety standards.

For those persons who perform a standard job in an industrial radi-

ation envirocaent, realistic training and safety practices should be

provided.

Smith and Cox concluded that:

Because of the demands of military operations, personnel
may be exposed to highet levels of radiation than the
nationally established rates. In view of the-findings
of the survey of nuclear industries, it is likely that
a limited increase in the amount of radiation received
may be made without increasing, the stress problem to
one of a major degree. The consensus is that by pro-
viding realistic orientation about the situation, and
training people for emeigencies, stress and anxiety
may be reduced.

R. Smith, Jr., and J. Cox, Jr., op. cit., 1957.
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Sunmmry and !oplicatlons

One of the most effective ways of reducing the effects of stress

from tkreat of exposure to radiation is to conduct individual and unit

training in nuclear protective aesuaes, tactics, and techniques. The

armor' crewman's chances for survival from a nuclear attack will be improved

greatly in an armored vehicle. Army forces operating in a nuclear en-

vironment must expect exposure of personnel to radiation. Operations may

dictate such exposure as a normal hazard of battle. Tanks provide excel-

lent protection from the initial effects of blast, and both thermal and

ionizing radiation. The tank's armor will provide excellent shielding

against residual radiation. Additionally, the mobility of the tank will

reduce the exposure time when leaving or crossing a contaminated area.

Following a nuclear attack, the greatest potential danger will be

"* from fallout from the nuclear cloud and exposure to radiologically con-

taminated terrain. The tank can be fought buttoned-up, providing

protection to the crew and contamination'of the crew compartment will re-

sult only when crewmen open the hatches to perform the decontamination

procedures.

Special training will be effective in reducing casualties from a

nuclear attack. Training will be specially applicable to the psychologi-

cal stress resulting from threat Of exposure to radiation. This stress

can best be overcome by an understanding of the principles involved and

by well-developed procedures for dealing with the radiation hazard.

The primary effects of radiation, or the threat thereof, can prob-

ably be divided into two' categories. First of all, there are the purely

psychological effects that will occur from 'he realization of the
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potential hazards. Secondly, there are 'the effects that may occur as the

result of measures taken for protectLon against radiation effects. In-

dividual Nuclear, Biological, and Chemical (NBC) protective gear does

restrict both physical movement and perception. No reiearch has been

located which examines the effects of wearing NBC gear on performance

in a buttoned-up tank. The psychological effects of exposure or threat

of exposure to radiation hazards are virtually impossible to assess ex-

perimentally. However, research on the performance effects resulting

from the use of NBC protective measures can and should be done.

Habitability (Personal Factors)

In one sense, all of the factors which are presumed to affect per-

formance during buttoned-up operations can be considered to be habitability

146
factors. Johnson considered habitability to be comprised of the follow-

ing nine principal elements:

1. Environment: The composistion, temperature and movement of
the respirable atmosphere, and the mainteiance of adequate and comfortable
acoustical and illumination levels.

2. Arch tecture: The geometric arrangement of quarters, work
areas, compenionva s, stowage facilities, aai equipment location and
'mounting prov ision .,

3. Mobility: The provisions made for lifting, moving equip-
ment, and relievi feelings of restraint.

4. Diet Sufficiency: The provision of adequate supplies
of palatable food d liquid, including arrangements for stowage,
preparation, serv g, and eating.

5. Clotaing and Personal Acoutrements: The provision of ade-
quate and clean c~thing, and personal articles.

6. Pers nal Hygiene" The availability of facilities for main-
taingng personal c eanliness and gromuing.

C.46, Johnson. Na tabiZity O''Manned Spacecraft, paper presented at Joint

meting of American Astronautical Society and Operational Research
Society, Denver, Colorado, June'17-20, 1969.
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7. Housekeeping: The provisions for cleaning, debris control,
refuse disposal, laundering, and reprovisioning.

8. Communications: At least within the circumscribed physi-
cal environment.

9. Leisure Time Activities: The provision of equipment, a
suitable psychological envirotment, and space to pursue chosen leisure
time activities.

While Johnson's analysis is comprehensive and provides a good over-

view of the elements of habitability, he did not specifically mention

either the need for privacy or the need for social interaction. Both of

thea. may become critical where total habitable space is marginal and

shared by other individuals. Parker amn Every'14 7 did consider both of

these factors. They quote Fraser, 148 who felt that privacy needs were

important, and tha some personal space must be provided. Sleep areas,

for earmple, were cited as areas requiring some privacy. Parkea- ani

Zvery have also noted that mealtimea became a major source of both recre-

ation and a time for social activity for aquanauts. Apparently, meal-

times were both pleasant and convenient times for social activity, and

were utilized to fulfill this need.

Parker and Every also discuss Fraser's concept of the term habi-

t•biZit. Fraser states that habitability refers to the equilibrium

state resulting from the interactions among the components of a man-

machine/environment complex which permits men to maiutain physiological

147j. Parker, Jr., and M. Every. RabitabiZity Ia8uea in Long-Duration

Undersea and Space Waaione, Bio-Technology, Inc.; prepared for the
Engineering Psychology Programs, Office of Naval Research, Arlington,
Virginia, July 1972.

4 8 T. Fraser. The Intangib les of' HabitabiZity During Long-Duration Space

Missions, NASA Report CR-1084, Lovelace Foundation, Albuquerque, New

Mexico, June 1964.
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homeostasis, adequate performance, and acceptable social relations. It

can be seen that the tertu habItabiJ.ity, as defined in the tIteratrire, is

quite broad. However, for purposes of this report, it will be restricted

to factors concerned with the spatial, personal, and social environment

of a habitat. This does not mean that the other factors are not con-

sidered important, as is obvious by the fact that separate sections of

this review have been devoted to them. Rather, the term habitability

seems to be a convenient label under which to discuss those factors which

do not have'a direct and obvious physiological effect on the human being,

namely, those elements Johnson referred to under the realms of architec-

tecture, personal and social needs, and housekeeping.

Archi tectural Considerations

It is, in fact, impossible to completely separate architectural and

bousekeeping'considerations. And, of course, the satisfactionof many

personal needs is dependent upon the physical arrangements available.

However, the basic architecture of a habitat is certainly the limiting

factor in the arrangements that can be-'mde for housekeeping and satis-

fying other needs.

As requirements for greater armor protection, larger weaponry, and

more sophisticated acquisition systems, communications, and fire-control

equipment have been placed on the designars of weapons 'systems, the in-

ternal or living space of ,"anks has decreased. The tanks of the future

are expected to have even less space. Since no research on continuous

operations in completely buttoned-up vehicles has been conducted, it Is

not possible to provide even a well-educated guess on how well crewmen
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can adapt to long periods at close quarters in the limited space con-

figuration of a tank. However. ti•e best indications available point to

a possible problem. An opinion poll taken during a habitability study by

Celentano and Amorell 149 showed that next to atmospheric conditions,

living space requirements were considered to be the aost important factor

in habitability. There have been a number of studies on space require-

ments, but none of them directly applicable to the Army tank. Celentano

and Amorelli concluded that an area of about 90 square feet and 700 cubic

feet per occupant would be optimum for extended space voyages. However,

tank crewmenwill not occupy their vehicles for such extended periods.

Hammes akil Osborne. 5 0 found that people could adjust adequately to living

in as little as 10 square feet/person for up to two weeks in a fallout

shelter. However, they had no functions to perform during their occu-

pancy. Beevis and McCann151 suggested a minimum of 90 cubic feet for 'a

three-day stay in a vehicle. This study is probably the moat relevant

for consideration of tank habitability as it was concerned vith occupancy

of a vehicle. However, again, the occupants were not intewed to perform

any functions other than housekeeping and maintaining personal hygiene, as

the vehicle was only intended to serve as a habitat when crewmen were

stranded due to etrem arctic weather conditions.

24 .Celentano 'aMdD. Amorelli,, Ciwvg Statue in Various Space'Configum-
ti~ and VoZwfs., North American Aviation, Inc., Downey, California,
June 1963.

150J. REames and R. Osborne. SheZtez Occupancy Studies at. the University
of Georgia, 1962-2963, Civil De.ense Research Psychological Labors-
tories, University of Georgia, Athens, December 1963.

1 51 D. Beavie and C. McCann. Hwn Engineering Aspect. of a SnraZZ Setf-

Contained MobiLe System, DCIEM Technical Memo 875, Defence and Civil
Institute of Environmental Medicine, Defence Research Board, July 1972.
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Thli, Ite rature on confInenment is, of course, relevant t.n this as-

pect of habitahility. However, because confinement is known to hr a.

potent factor in and of itself, separate sections of this r'.-,rt are de-

voted to confinement and its effects.

In sunmary, the limited space available, and its arrangement, in our

current and anticipated armored vehicles, may be a significant source of

psychological problemm if personnel are forzed to operate for extended

periods in the buttoned-up mode. Howew.t, research into this area is

t surely needed, as little directly relevant information is available.

SPersonal and Social Reguirements

Personal requirements may be divided into two categories. One cate-

gory deals with hygienic requirements, the ocher with the less tangible

needs for privacy and territory. Hygienic requirements have typically

been given short shrift where space and/or weight restrictions were severe.

*For example, during the Mercury Space Program, there were not provisions

for defecation and, fortunately, none were needed. 1 5 2 The crewmen were

only in space for one day with the longest flight time being 22 hours.

Crewmen in the Gemini program were furnished with rollon cuff/type urine

collector and a plastic defecation bag. Dry and premoistened-wipes were

used. In the Apollo program there was no improvement in the personal

hygiene facilities. In our armored vehicles no facilities are provided

for handling urine or fecal matter within the vehicle.

Personal cleanliness has becou'e an important need in our society.

Oson153Hiunies and Osborne have suggested that one. quart of water per day per

l52,1. Parker, Jr., and M. Every, oP. oit., July 1972.

13. Hammes and R. Osborne, op. cit., December 1963.
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inhabitant of a. fallout shelter for use in "sponge baths" and brushing

teeth would provide an enormous psychological lift to occpaItlon..

Johnson154 agrees, stating that facilities need not be exotic, and that

an old-fashloned washcloth is generally satisfactory and can be used

over and over. No provision for washing the body is provided in our cur-

rent armored vehicles.

Requirements for privacy have not been considered in the design of.

our armored vehicles. No space for stowing personal articles is provided

within the vehicle. No provision for privacy for defecating or urinating

has beeu made. No "territorial rights" for any purpose have been set

forth in official doctrine. This is undoubtedly because our current

tanks were not designed for occupancy for more than a few hours at a time.

However, if we expect crews to remain buttoned up for extended periods,

these factors must be considered.

Social, or person-to-person interaction factors, might be expected

to take on increased importance if tank crews must remain in their ve-

155
hicles for extended periods. However, Eberhard reviewed a number of

studies dealing with activities during long periods of confinement, and

found solitary, activities to generally predominate. While talking was

engaged in, reading, watching movies and television were also very popu-

lar. Eberhard also found that men in confinement took almost twice as

long to eat as unconfined men. It may be that much of the social inter-

chang( -ok place at the table, as was also indicated by Parker and Every. 1 56

154 C. Johnson, op. cit., 1969.

J. Eberhard. MOL Minimum Crew VoZume Requireentis, unpublished report
prepared for Douglas Aircraft Corporation, March 1966.

""5156 Parker, Jr., and M., Every, op. cit.,, December 1963.
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Flelwreich,' 57 in his studies of men in undersea habitats, also found

that solitary activities were popular. Playing cards was a frequently

observed leisure time activity, but cardplaying is often more. of an

intellectual and competitive activity than a social activity.

It may be that persons confined in small spaces and forced to work

with the same small group of individuals day after day have little desire

for purely social interchange with the same individuals, and prefer soli-

tary activities. Whether this will be true of tank crewmen on long

missions can only be determined through future research.

Housekeeping Requirements

The Defence Research Establishment undertook the development of a

small mobile arcric shelter. The Defence and Civil Institute of Environ-

mental Medicine was asked to provide assistance in the design and

development of the shelter to ensure adherence to human engineering cri-

teria. This effort was reported by Beevis and McCann. 15 8 The state that:

There is evidence that the physical and sensory re-
strictions during confinement for several days can

'have adverse psychological effects for personnel.
Most of the work involved in trying to determine the
winimum acceptable shelter volume for man for such
conditions has been those studies which were con-
cerned wtth space capsules and submarines, in which
the crew cannot leave under any circumstances.

Beevis and McCann recommended that a minimum of some 90 cubic feet be pro-

vided per man for up to three days confinement, although this cannot be

* considered an absolute limit. A "Snotruk," which'was a tracked vehicle,

1 5 7 p.. Helmreich. Eva•uation of. Enviznmenta: BehavioraZ Observations in

an Undersea Habitat, Social Psychology Laboratory, Department of
Psychology, University of Texas, Austin, August 1971.

158 D.-Beevs and C. McCann, op. qit., July 1972.
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was modified to support, the activities of two men on patrol for up to

five days in the arctic region. The roof height of 50 inches was a

compromise between the requirements for changing clothing and getting in-

to and out of a sleeping bag, and the head clearance required for sitting

when using the water closet and moving about inside the cab. Extra in-

sulation was required on the interior walls as the interior wall tempera-

ture was calculated to drop as low as 57F in some conditions.,

These workers recognized the need for some privacy even with this

minimum space. For example, they provided for a curtain to be hung in

front of the water closet.

.Garbage accumulation was seen as a problem, and these investigators

suggested that plastic bags with drawstrings be provided to bag each day's

accumulation. Storage space for these bags must also be provided. Waste

disposal was to. be handled by a recirculating-type toilet, with a built-in

holding tank which could be used for periods up to several weeks. Heating

requirements were calculated as 4000 British Thermal Units (BTUA) per hour

to maintain a shelter temperature of 35PF during the time the engine was

not running. The figure of 4000 BTUs was based on an assumed exterior

temperature of -350F, and a wind speed of 40 Miles Per Hour (MPH)'.

An air flow of five CFM per man was considered as the minimum at all

times, with up to 35 C"Mof air flow at a rate of 100 feet per minute,

which is the upper comfort level for air movement. These authors con-

cluded that the efficienvy of the heating and ventilation systems must

be assessed under realistic conditions as no reliable prediction can be

made on the basis of prior calculations, particularly in the case.of venti-

lation.
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In addition, these writers gave detailed attention to requirements

for such things as utensils and other kitchen accoutrements. However,

such luxuries are out of the question for armored vehicles, at least in

the foreseeable future.

Summary and Implications

Recent increased interest in habitability of confiniLg environments

stems largely from an Increased interest in maintaining man for long

periods in space or undersea habitats. The term habitability has taken

on a bror.d meaning in the literature, but for purposes of this report, it

is limited to those spatial, personal, social, and housekeeping factors

that do not have a direct and primarily psychological effects on man.

In general, it has been found that mwn can survive in a very limited

ar'ount of space. However, he needs at least some privacy, and feels

strongly about personal cleanliness and other hygienic factors. He has

some social needs during confinement, but 'tends to satisfy these at meal-

times, generally preferring solitary activities for leisure.

The habitability of tanks for long periods, especially buttoned up,

does not seem to have even been given consideration by the US. Space

for stowage of personal items, means for eliminating waste, or storage and

means of dispensing food and liquid is almost totally lacking. In brief,

how habitable a tank might be for periods of more then a day has never

been exmined, but indications are that problems might become severe.
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Human Engineering

Crew Compartment

The Army'a requirement that future tanks be able to penetrate nuclear

battlefields and survive has changed tank design. The tank must be able

to operate effectively with its hatches closed for varying periods of

time. The crew must be able to work during such periods in a closed com-

partment isolated from the outside environment. Many of the factors which

contribute to less than optimum performance during buttoned-up operations

can be eliminated or the effect lessened by the application of sound

human engineering principles. A survey conducted by the Army Medical

Research Laboratory 1 5 9 collected information on the problems encountered

by tank crews which might be alleviated by human engineering research.

A total of 894 individuals attending the Armor School at Fort Knox,

Kentucky, were questioned. Using the critical incident technique, of 894

incidents reported, 623 (69.;' percent) were concerned with problems of

interest for human engineering for each job were: (1) tank commander,

problems of communication; (2) gunner, problems of space allotment; (3)

loader, problems 'dealing with his position; and (4) driver, problems arising

from interference with his Field. of Vision (FOV). However, these rec-Ults

may actually underestimate the number of problem which exist. The re-

search staff observed that "to ask a man who has used equipment for a long

time to state its shortcomings may be fruitless, sin.:e frequently he has

adjusted tcits shortcomings and no longer recognized them as such.. Thus,

some important problems might well go unempt.asized in this type of critical

incidence survey."

' 5 9A Survey of Tank Crew Pi'biems. Report No. 39, Psychology Department,
US Army Medical Research Laboratory, Fort Knox, Kentucky. August 1952.
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Horley, et- a].,60 receri•',ed that specIfic qt ud it.s Ir the buttoned-

up mode should address Lhemelves, 7nr example, to the detection of air-

craft, typical ambush-site situationsk, the potential degradation In

overall tactical mobility, and possib]e loss of vehicle orientation due

to limitAtions on visibility. This disorientation was also observed in

a study conducted by HQ HASSTER. Interv -is with tank commanders indi-

cated a loss of orientation, especially when slewing at maxim,,m rates.

161
Schroetter pointed out that the correct qeating posture increases

the accuracy of work and reduces fatigue. Any rigýid and strained posture

will cause poor performance. In designing a tank driver's seat, not only

teb width and depth of the seat must be considered, bu't also the adjusta-

bility of the seat and its position in relation to the operating unit.

1his ,neat should, moreover, provide protection against mechanical vibra-

tions. This protection can be accomplished by suitable tuning of the

seat suspension and damping. Adaptation of the static depression of seat

springs to accoindate different weights of drivers will also be neces-

sary. Very little space will be required to accomdate the full range

of htman size variability likely to be encountered.

Distance to the driving pedals should remain invariant, regardless

of seat adjustment. Also, the direction of application of force on the

pedals should not differ too greatly as a result of the seat variability.

.,160G. Horley, A. Eckles, and R. Dax. Tar-get Deteotion: A Conpariaon of

Several Vision 4itatrj mo.unted in Stationaryd.and, Moving Tanks (UI)
Technical Memorandum 7-67, US Arov Human Englneering Laboratories,
Aberdeen Proving Ground, Marylazv'., March 1967.

161 H.Schroetter. "Ergo•n•ics and Its Importance to the Development of

Fighting Vehicles," 2ruppenpra:is, 1972, 1, 28-32 (Library Translation
for Royal Aircraft Establishment, B. Crossland and L. Croton, trans-
lation editors).
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The optimal direction for application of force on the pedals is 70

degrees.162 The pedals must be designed to ensure a reliable control

with the foot; they should not be too close together, and ehould not be

too high. Both of these latter factors can lead to coneitions under which

errors occur.

A human factors evaluation of the M60Al tank by Dickinson and

Brown 1 6 3 found that the addition of a fore and aft adjustmeni on the com-

mander's seat would allow sufficient leg space bet-ween his seat and the

gunner's backrest. With a 95 percentile commander seated, lack of an ad-

justment capability will interfere with the tank commander's leg movement.

They also found that the escape hatch will accomodate a 95 percentile man,

without arctic clothing. Arctic clothing will increase torso dimensions

to approximately four inches wider than the hatch opening. It is assumed

that some problem of the same nature would occur with the wearing of CBR

protective clothing.

The human eye requires approximately two seconds to adapt from far

to near vision. This accommodation time may present a source of danger

and, to counter it, some vehicles have been designed with the most impor-

,tant driving instruments and warning, lights located on the same plane on

a steering column bracket. This arrangement is designed in such a fashion

that when the driver's seat is raised or lowered, the instrument panel will

move to remain in -the same plane.

1 6 2 1bid.

16 3 N. Dickinson and G. Brown. A Hwan Factozr•eAVaZua-tion of the. Main

BattZe Tank, 105m Gun, M6OE2, Technical Memorandum 14-62, US Army
Human Engineering Laboratories, Aberdeen Proving Ground, Maryland,
June 1962.'
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Target Acquisition Devices

Modern tank weaponr have hbecome so accurate miid lethal tha. bva. seews

who first often determines who survives on the battlefield. When perform-

Ing surveillance with binoculars from an open hatch, no one tank has any-

rarticular advantage. But when conditions require that all tanks button

p, differences in optical or remote viewing systems may well determine the

outcome of the battle.-

Horley, et al., 1 6 4 conducted two target detection studies in which

they compared target detection performance with several viewing systems

against target detection performance from the open hatch. Observers were

placed in stationary tanks and were asked to detect defending (stationary)'

and attacking (moving) targets. Differences in percentage detections be-

Lween the closed-hatch (Greenhouse) and open hatch modes were approxi-

mately 15-18 percent, with the closed-hatch mode faring more poorly.

:,ifferences between the gunner's periscope and the open-hatch mode were

approximately 10-12 percent, with the gunner's periscope being the poorer

system. A TV d etectlo- system performed most poorly. The Greenhouse was

a wooden mockup with five 'unity-power vision blocks placed side-by-side

to form an uninterrupted area of vision to the front and sides.

In their second r-.udy, Horley, et a1., compared the performance of

file viewing systems from both a stationary and & moving tank. They found

that defendi-g (stationary) targets, before they began firing, were harder

to detect than attacking (moving) targets for' all systems, except for the

gunner's periscope. They evaluate, the following systems: (1) gunner's-

164G. Horley, A. Eckles, and R. Dax, op. cit., March 1967.
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periscope, (2) open-hatch with binoculars, (3) closed-li.t-ch (Greenhouse)

with binoculars, (4) telescope, and (5) Imuge-Orthicon TV. The pertli'opo

was superior to other systems in detecting both stationary and moving tar-

gets in most cases.

The condition which produced the poorest detection performance was

when both the observer and the target tanks were moving. This could be

due to the high probability of interruption of the line-of-stght by ter-

rain features when both were moving. They concluded that TV for surveil-

lance on the move should be considered. On rough terrain where the tank

is moving, gunners may have difficulty maintaining eye alignment with

optical system eyepieces. A TV presentation which can be viewed from a

slight distance might offer an advantage.

Results of these two studies further indicated that wider FOVs are

important for quick response to open targets that are moving. Conversely,

these results show that magnification is important for detecting con-

cealed targets and that stabilization is required for surveillance on the

move. An ideal surveillance system would be a combination system inte-

grating two units -- one low power unit for wider FOV, and a second'

incorporating high magnification with stabilization - arranged so that

the tank commander could shift from one to the other without losing his

orientation to the terrain..

Stabi l Ized Gunnery

A study by Linley and Warner 1 6 5 investigated stabilized gunnery on

the move, using two weapon systems, a 25amm and a 20=m rapid fire cannon.

1 6 5 L. Linley and A. Werner. Report on GeneraZ Performance of Tested XFJ701

2'eret Weapon StabiZisation Syet..s, Technical'Report No. 11584,

Pacific Car and Foundry Company, Renton, Washington, March 1972.
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They concluded that an average gunner could maintain his aim at a f'our-

mill diameter target at least 43 percent of the time at cross-country

speeds up to and including 20 MPH. An unmanned system could maintain its

aim in a four-mil diameter zone 100 percent of the' time at cross-country

speeds up to and including 20 MPH. Most of the observed errors were due

to gunner attempts to correct for translation and illusionary errors.

They reported that the average Army gunner has a 60 percent minimum and

a 93 percent maximum probability of hitting a target eight mils in diameter

at 20 MPH. The addition of a stabilization system results in a signifi-

cant'improvement in hit capability. To be able to fully utilize the

stabilization system, the gunner must be given comprehensive training,

including experience in firing from a moving vehicle. A gunner's sight

specifically designed for use with the stabilization system is needed to

eliminate target image vibration and blackout, r3duce gunner fatitue,

e'tc. Restraint and seating arrangements are generally fatiguing to the

gunner in a stabilized moving vehicle. Gunjnars become fatigued by the

restraint and seating arrangements in a stabilized moving vehicle due to

the physical effort required to maintain their body and head positions

while firing on the move. High speed turrets in the stabilized mode will

require close attention' to safety procedures because of increased centri-

fugal force and continuous motion.

Sunmmary and- Implications

No studies were uncovered which attempted to specify or define the

human factors requirements neceqary for the design of future tanks to

enhance operations in a closed-hatch mode for extended periods of time.
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Separate studies dealing with CBR equipment compatibility, clothing, and

surveillance were found, but reports of systisatic endeavors concerning

human factors considerations in buttoned-up operations were lacking.

When a tank crew closes the hatches, vi:.:al capabilities become

degraded. The current effectiveness of our tanks depends upon adequate

surveillance and target detection capabilities. Therefore, it is desir-

able for the crew to maintain the same performance levels with the

hatches closed or open. Through proper consideration for the human

factors aspects, coupled with technological advances, this may be possible.

In redesigning tanks and associated individual equipment to maximize

performance during buttoned-up operations, it is important to define the

conditions under which these operations are likely to occur. For example,

the likelihood of actually fighting in a CBR environment must be con-

sidered. The more likely this or any other given set of conditions are

to be encountered, the greater is the need for our equipment to be

designed to operate in those conditions.

The crew should be considered a part of the system and the design

should ensure the smooth incorporation of their abilities into the over-

all scheme of system operation. Shoe-horning the armor crewman in after

all other things have been set in concrete does not result in an optimally

-effective system.

WORK/REST CYCLES

Advances in military technology have given man the capability to

engage in long-duration missions. The rapid development in recent years

of night vision equipment has enabled continuous battlefield operations,

provided combat and combat-support personnel are able to meet the increased



demands. In order to attain optimum, performance, the selcction of optiruru

work/rest schedules for personnel engaged in long-duration missions is

obviously d esirable. Ideally, these schedules would tend to maximize

duty time while minimizing decrements in performance. In addition,.such

schedule's should allow organization of personnel into shifts (or watches)

and should avoid harmful physiological or psychological reactions.

Atypical Work/Rest Cycles

Alluisi, et al., 166 has pointed out that in the military individuals

will often be called upon to perform under rather rigorous atypical work/

rest conditions. These may be situations which will demand 24 hour-day

operations on a high alert basis. These situations will occur in combat

and will serve to dramatically change working conditions. Sustained or

conxtinuous operations will vary the normal routine for armor crews. In

these situations, armor crews may have to perform with less rest and sleep

than is usual. It is also likely that the crews may not have had the

chance to become prev.ously adjusted to these work/rest cycles or have had

previous training in them.

In an atypical non-24 houw cyclical schedule of activity, individual'

physiological rhythms will showsome but not complete adaptation. Indi-

viduals differ widely in their ability and the speed with which maximum

adaptation occurs. Alluisi, et al., indicated that within broad limits

performance did not vary sigaificantly as a function of the work/rest cycle,

provided the work/rest and sleep/w-iefulness ratios were held constant and

166E. Alluisi, W. Chiles, and R. Smith. Hwran Performance in ilitarj
Sysetame: Some SituationaZ Factors Influencing rndividua Z Performance,
Interim Technical Report 64-1, Performance Research Lab, Department of
Psychology, University of Louisville, Louis'v11e, Kentucky, August 1964.
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the period of observation did not exceed one week. Little data are

available to allow valid generalization to longer periods of time. Man

is apprarently capable of maintaining high-level performance on various

tasks while living according to rather rigorous atypical work/rest

scheduling, at least for short periods.

OPTIMUM WORK/REST CYCLES

Alluisi, Chiles, and Hall167 found that subjects who worked 12

hours a day on a 4/4 work-rest schedule were able to maintain their

performance at a higher level than subjects who worked 16 hours a day on

a 4/2 schedule. Generally, the performance of subjects on tasks which

required sustained attention declined while maintaining a 4/2 schedule,

even though the periods of sustained attention were relatively short.

They concluded that where given levels of performance are a critical

requirement during emergency periods, the 4/2 schedule should be used

only with extreme caution, because this schedule typically places a

performance stress on the individual from the start.

Adams and Chiles 6 8 measured the performance of 60 subjects over a

period of 96 hours as a function of four different duty/rest cycles

(2/2, 4/6, 6/6, and 8/8),. It was evident from the results that subjects

could work at their assigned tasks and maintain their efficiency working

12 hours a day for periods up to as long as 96 hours. In particul.%r, the

4/2 schedule can be followed and acceptable performance levels of selecLed

16EK. Alluisi, W. Chiles, and T. Hall. Combined Effects of Sleep Loss and
Demanding Work/Rest Schedules of Crew Performance, Report -NO. AMRL-TDR- $
64,63, Aerospace Medical Research Labs, Aerospace Medical Division, Air
Force Systems Command, Wright-Patterson AFB, Ohio, June 1964..

168. Adams and W. Chiles. Human Performance as A Function of the Work/

Rest Cycle, WADD Technical Report No. 60-248, Wright-Patteison AFB,
Ohio, 1960.



and motivated ,subjects will be maintained for at least two weeks to a

month. Performance was generally better on the 4/4 schedule an ccuid

be maintained for 30 days. The authors concluded that the 4/4 schedule

could probably be followed for 60 to 90 days during actual missions with-

out decrements in performance. Subjects on duty performed six tasks

(arithmetic computations, auditory vigilance, warning light monitoring,

target identification, probability monitoring, 1 6 9 and code lock-soivingl70.

Alluisi and Chiles 1 7 1 concluded that a person following a 4/2 schedule

uses up his performance reserve and so is less likely and able to meet the

demands of emergency situations.

In a series of four studies, Morgan, et al., 1 7 2 investigated the

effect of continuous work on human performetnce. The results of these

studies were quite consistent. Performance efficiency in all of th•.

studies began to deteriorate after about 34 to 18 hours of continuous wark,

reaching its lowest point after 22 to 24 hot,§. Performance then imprived

1 6 9 Probability monitoring was a watchkeeping task that required the sub-
Ject to integrate a random process (meter fluctuations) over time in
order to detec+ a relatively infrequent shift in the mean value of the
process.

1 7 0 Code lock-solving was a group-performance crew task that requifed the
subjects to discover the correct sequence in which one of five buttons
(one operated by each of the five subjects in a given crew) has to be
pushed to illuminate a green light. Subjects were required to do this
as quickly as possible without neglecting their other duties.

171E. Alluisi and W. Chiles. "Sustained Performance, Rest Scheduling, and

Diurnal Rhythms in Man," Acta Paychologica, 1967, 27', 436-442.

1 7 2 B. Morgan, Jr., G. Coates, B. Byown, and E. Alluisi. Effects of Con-
tinucue Work and SVeep Loss m. the Recovery of Sulstained Perforrmance,
Technical Report No. 14-73, US Army Human Engineering Laboratories,
Aberdeen Proving Cround, Maryland, 1973.
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to about the thirtieth or thirty-second hour, then decreased slightly

thereafter. Both the pattern and degree of recovery were related to tho

length' of the continuous work period, as well as to the amount of rest

and recovery provided. Recovery of performance was incomplete in all

cases, but four hours of rest following 36 hours of continuous work pro-

duced a significant degree of recovery.

Effects nn Performance

Brown, et al.,173 indicated that circciian rhythms are a primary

determiner of man's ability to work continuously for extended periods of

tLime and to recover,from. the effects of both continuous work and sleep

loss. Morgan, .e al., 174 found that after 36 hours of continuous work

and sleep loss, recovery was less complete for crews whose work cycle began

during the low portion of their circadian rhythm (i.e., work cycle start-

ing at 0400 hours in the morning).

Adams and Chiles, 1 7 5 in a review of the literature of work/rest cycles,

found that the degree of performance decrement during extended hours of

wakefulness is a function of the length of the performance testing period

and the type o'f task involved. In general, if the tasks are simple and

if the performance period is of a short duration, there are no observable

pronounced decrements. These authors suggest that four hours Is the

173B. Bromn, B. Morgan, Jr., J. Repko, and G. Coates. Interaction of the.

Circadian RhythmI With the Effects of 38 Hours of Contimnoue Work and

SZp Lose, Organizations and System Research Laboratory, (Technical
Research Note, in preparation).

174B. Morgan, Jr., B. Brown, G. Coates, and J. Repko. Effects of the
ci readi an Rhijtlin on Sus tained Perfoz%=M AceTa'j 36 Iowas of Continuous
Work and SZeep Lose, Organizations and Systems Reearch Laboratory
(Technical Research Note', in preparation).

1750. Adams and W. Chiles. "Human Performance and the Work/Rest Schedule ,"1

H•nm= Factors in TechnoZogy, Bennett, Deagen, and Spiegel, 1963.
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max 4 mum duty period when the following conditions are present: a passive

task combined with one or more active tasks, low work loads, and con-

tinuously maintained high levels of performance. When only a passive

isolated task occurs, a two-hour duration is probably the maximum ad-

visable. If there is active participation with the major tasks, consid-

erable variety in the tasks, and if the signals to which the operator

must respond are easily detectable, the duty period can be extended rou-

tinely to eight or ten hours.

Some of the major conclusions that Chiles and Admns 1 7 6 drew were:

1. Performance of critical tasks by individuals who nmwt z.
mnin awake for 24 hours are not feasible as a routine procedure.

.2. Six hours of sleep are adequate for most individuals.

3. Sleep periods should not be less than two hours in duration.

4. Continuous performance of monotonous tasks by themelves
* should not exceed two hours.

5. Total work/rest cycle durations should be four, six, eight,
or 12 hours in order to permit regular day-to--day schedules.

6. Seven or eight days of pretesting should be adequate to
select personnel adaptable to schedule changes.

7. A five-day preadaptation period shouid be used to overcow
initial sleep losses.

Ray, Martin, and Alluisi 1 7 7 have, reviewed only those studies in which

performance was extended for 24 hours or longer and in which the results

were pertinent to optimizing performance through the scheduling of work/

176W. Chiles and 0. Mda. Hwnr• P;ý.f6zawnca and the Work-Rest Sched4ke,

USAF ASD Technical Note. No. 67 "1u, Aeronautical Systems Division,
Wright-Patterson AFB, Ohio, l15....

1773. Ray, 0. Martin, at I E. Alluisi. Humra Perforwxmoe a a Function of
the Work-Rest CyoZe: A Review of SeZeoted Studiee, Publication No.
882, National Academy of Science, National Research Council,
Washington, D.C., 1961.
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.rest periods. The studies reviewed generally indicated that man's per-

formance and his physiological processes exhibit variations that are due

•I to man's adaptation to a 24-hour day. These physiological rhythms show

some but not complete adaptation to a non-24 hour cycle. These authors

concluded that performance does not appear to vary significantly as a

function of the work/rest cycle, provided that the work/rest and sleep

ratios are held constant and the period of observation does not exceed

one week. 'An exception to this statement is the decrement observed in

the performance of certain vigilance tasks. These passive tasks seem to

be more sensitive to the effects of atypical work/rest schedules than

more active tasks.

Ramsey, Halcomb, and Mortagy 1 7 8 have investigated the effects of

self-determined work/-est schedules on performance. They found that sub-

jects who chose "lorg" sessions to optimize their performance scored

significantly poorer than those who chose "shorter" sessions.

Alluisi, Chiles, and Hall179 found ttat subjects on & 4/2 schedule

performed poorer as a result of' going wittout sleep for 44 hours. This

difference was significant for those tas requiring close concentration

(arithmetic and probability monitoring) even though concentration was

sustained for only seconds. Subjects who followed a 4/4 schedule re-

covered their pre-sleep performance levelg within 12 hours following the

period of sleep loss. Subjects on the 4/,1 schedule took 14 hours to recover.

J78. Ramsey, C. Halcomb, and A. Mortagy. "Self Determined Work/Rest Cycles

in the Heat," in D. Hodge (ed.), MiZitary Requirements for Reaeartch on
Continuous Operations, Prooeedings of Con ference HeZd at Texas Tech.
University, Lubbock, Texas, 28-29 Sotiber 1971, Technical Memorandum
12-72, US Army Human Engineering Laboratories, Aberdeen Proving Ground,
Maryland, April 1972.

1 7 9 E. Alluisi, W. Chiles, and T. Hall, op. cit., June 1964.
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Adams, e_ al.,1 80 reported that several studies by Wilkinson abd

Streiton1 81 have demonstrated that performance is iesa efficient withitt

the first 10 minutes of wakening. Any decrement present upon wakening

tends to disappear within 10 minutes of wakening.

Lauer and Suhr18 2 have found that :individuals who drove six hours

with a rest period every 30 minutes received consistently higher driving

scores than drivers who drove six hours without rest. Further, drivers

who had rested were also able to respond quicker to an attention light.

Langdon and Hartman1 8 3 have studied the effects of sleep interrup-

tion on performance. Performance was measured before sleep and within two

minutes of being aroused. Five airmen were awakened three times during

Lleir normal sleep period. This study was conducted over a five-day

period and subjects were tested on the Complex Behavior Simulator. It

was found that performance was 25 percent worse after being awakened than

it was at pre-sleep levels. However, performance did improve during the

ten-minute test period.

Hartman and Cantre1184 confined subjects for 12 days and followed a

4/2, 4/4, or 16/6 schedule. On days 8, 9, and 10, subjects were deprived

180A. Adams, H. Huddleston, B. Robson, and R. Wilson. Some Effects of
Sleep Lose on a Simt4tated FZying Task, Technical Report 72168, Royal
Aircraft Establishment, October 1971.

R. Wilkinson and M. Stretton. "Performance After Awakening at Different

Times of Night," Psychonomic Science, 1971; 2_.3, 'Part 4, 283-285.
18 2 A. Lauer and V. Suhr. "The Effect of a Rest Pause on Driving Effi-

ciency," PerceptuaZ and Motor SI.4la, 1959, 9, 363-371.

18 3D. Langdon and B. Hartman. Perforancce Upon Sudden Awakening, USAFSAM
Report 62-17, School of Aerospace MedFitne, Brooks APB, Texan, 1961.

1 8 4 B. Hartman and G. Cantrell. AVL: Crez Perfowrmce on Demanding Worki

Rest ScheduZee CoMpounded byj Sleep Den.ivation, Technical Report 67-99,
School of Aviation Medicine, Brooks AF_,. Texas, November 1967.
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of sleep while performing psychomotor taska cintinucusiy during a 68-

72 hour period. The tasks performed were: vigilance, nrithmetic

computation, tracking, short-term memory, complex coordination, and

multiple reaction time. There were no differences in performance as a

function of work/rest cycle, as long as schedules were the only experi-

mental manipulation. Progressive decrements were observed under all

schedules when compared with sleep deprivation. In general, the 16/8

schedule resulted in better performance and more rapid and substantial

recovery from the effects of sleep deprivation.

Colquhoun, Blake, 'and Edwards 1 85 investigated the efficiency with

which mental tasks were performed by individuals standing watches of eight

hours duration over a period of 12 consecutive days. Three work watches

were used: (1) 0800-1600 hours; (2) 2200-0606 hours; and (3) 0400-1200

hours. They found that performance efficiency varied considerably during

all three watches. The changes appeared to be related to concurrent

fluctuations in body temperature arising from diurnal physiological

rhythms. The best performance was in the first four hours of the day

watch. It took six nights on the night watch for the normal rhythm of

body temperature to adapt to the new sleep-waking cycle. During this six

day period, performance fell each night with the drop in body tezperature.

In 'the second six nights, the fall in body temperature was considerably

reduced by partial physiological adaptation and the performance decrement

was effecti-ely abolished.

185W. Colquhoun, M. Blake, and R. Edwards. Experi4wnts on Eight-Hour
.Standing Watches in a T2hree-Watch System, Report No. RNP-69-1123,
OES-478, Royal Naval Personnel Research Committee, London, England,
July' 1968.
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Morgan and Alluisi186 presented a paper In 1971 to the Conference on

Continuous 01perations in which they described the(ir wrk an work/rest

cycles. They felt that underlying man's activities there Im a biological

or psychophysiological circadian rhythm which is conditioned at leaRt to

some extent by those activities. They found that performance may show the

same sort of rhythm, with a lag of about two hours or so behind the cir-

cadian rhythm, dependIng _• othe:-factors. As work/rest schedules are

varied from the norm, the points of peak activation (and performance) seemed

to slip about two hours every five days or so. The change in this cycling

suggests that biological or physiological adaptation to atypical work/rest

schedules will take at least 20 days, mid perhaps as long as 25 to 30 days

on the average. One of the simplest means to adapt a person to a new

3chedule is to have the person stay awake sufficiently long to assure

that the normal diurnal cycle is broken, and that a new cycle begins when

sleep is permitted.

In normal situations, if motivated, man is able to exert extra ef-

fort to overcome the effects of circadian rhythm on performance. While

performance may or may nor follow the diurnal cycle during normal work

periods, il,. is likely to do so during periods of continuous operations.

During extended operations,' man's performance not only interacts with the

underlying circadian rhyrhm, but also with the total demands of his work

activity and with the prior expenditure of his performance reserves.

186B. Morgan and E. Alluisi. "Applicability of Research on Sustained
Performance, Endurance, and Work-Rest Scheduling to the Development Df

Concepts and Doctrine of Continuous Operations," in D. Hodge (ed.),
Military Requirements for Research on Continuous Operations, Proceedings
of a Conference Held at Texas Tech University, Lubbook, Teazrs, 28-29
September 1971, Technical Memorandum 12-72, US Army Human Engineer in
Laboratories, Aberdeen Proving Ground, Maryland, April 1972.
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Summary and Imrplications

Apparently, man is capable of maintaining high-level performance on

various tasks while living according to rather rigorous atyptcal work/rest

scheduling -- at least for short periods of time. There i's an abundance

of recommenwations on management of *ork/rest cycles; whether or not they

can be followed during armor.ground combat has yet to be evaluated.

Vehicle design may have to be modified if crews are to operate continu-

ously for extended periods of time with provisions to allow rest during

periods of reduced activity. Each crew member must be able to rotate with

every other crew member, making job interchangeability mandatory. Crew

stations may have to be redesigued so multiple tasks can be performed by

an abbreviated crew. Rest stations or areas will have to be provided

for.

Previous research in this area has dealt primarily with the type of

tasks that would be performed during space missions. Research dealing

with tasks typical of armor ground combat has not been initiated. The

level of performance to be expected immediately after being suddenly

awakened is largely unknown. The use of catnaps is an essential area for

future research in work/rest cycling.

Within broad limits, it appears that performance does not seen to

vary significantly as a function of the work/rest cycle provided the work

and rest ratios are held constant and the period of observation does not

exceed one week.

Within armor doctrine very little is said about providing relief among

crew members during periods where crew member activities are dispropor-

tionate. In field studies, the tendency has been for the tank commn~der

941.



to spend more time on duty than any other member of the crewi. Evidently,

they feel they are responsible for their crew's performance or are afraid

to delegate their authority. It may be neces.•ary in field testing to

allocate mandatory work cycles in order to force job interchangeability

training.

Enhancement of Performance by Drugs

One of the major problems in conducting military operations over

extended periods of time is to maintair sufficient resources so that units

in actual combat can be relieved before they begin to suffer from the ef-

fects of fatigue, sleep loss, or other factors. In a mid-intensity or

high-intensity war, it may not be possible to relieve units on a regular

'• is. Thus, many units may have to perform close to their upper limits,

at l~ast for short periods of time. Under these circumstances, it may be

possible to alleviate the effects of sleep loss and'fatigue by the dili-

gent use of drugs. It is possible that the use of drugs can reduce the

amount of time required by an individual to recuperate from total ex-

haustion.. Also, it way be that drugs can substitute for sleep. In

particular, the use of drugs may allow an individual to: (a) expend great-

.r amounts of energy over varying periods of time, (b) operate at a more

efficient level, (c) delay the effects of fatigue, and (d) 'cause indi-

viduals to be more alert during the performance of monotonous or solitary

taskts.

During WWTI it was observed that the Germans used amphetamines to imr-.

prove performance in their troops. The general effect of drugs such as

some amphetamines, benzedrine, methedrine, and caffeine have been found
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to enhance the performance of fatigued Individuals, but theit effective-

ness seems to lessen with continued use.. If exhaustion Is already

present, the administration of these drugs can be likened to flogging a

dead horse.

Continuous or sustained operations, whether buttoned up or not,

will require greater physical and mental effort than has been encountered

in the past. If indi-;iduals or units must perform at high levels without

relief, the use of drugs La an emergency situation could make the differ-

ence between the success of failure of a vital mission.

With the increased emphasis on the feasibility of conducting military

operations for extended, peripds of time, the results of drug research to

enhance performance takes on a renewed importance.

Military Field Studies

A number of studies have been undertaken to determine the effective-

ness of ampheta-ine-type drugs in enhancing performance in military tasks.

187
Platnikoff, et al., report that the most extensive series of studies

using military subjects was conducted by Seashore and Ivy. 1 8 8 They at-

tempted to simulate as closely as possible actual miliLtary working

conditions. Four different drug treatments were. administered to fatigued

subjects., It was found that the drugs were generally superior to placebos

in the ir effects in alleviating subjective' symptoim of fatigue and sai

hancing performanea of psychomotor tests. The effects. were more proomunced

N. Platnikoff, at al, Drug Niancv n of Perfozwmce, SRI Project No.

* SU-3024, StanfW- Research Institute, September 1960.

1881. Seashore =a4d A. Ivy. "Effects of Analeptic Drugs in Relieving-

Fatigue," Pseho~oZgioa Monograzphs, 1953. 67(15), 1-16.
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on subjective symptoms. In a military exercise lasting 56 hours (which

included fatiguing day snd night marches) DL-#tphetamtne h'ad little cf-

fect on either rifle marksmanship or ohbtacle court* tium. In another

experiment, subjects were officers attending a war staff course. These

individua]s were involved in a 72-hour program staff exercise in which

they were not allowed to sleep during the first 42 hours. It was found

that DL-amphetamine did not prevent sleep, improve performance, or impair

j ud gmen t.

Somerville1 8 9 conducted a study with troops who were kept active from

17 to 56 hours. Their activities included marching, obstacle course running,

trenching, and an attack exercise. The performance of the group receling

z5wphetamines was not superior to that of a control group receivtng pla-

cebos. As part of the above study, Somerville (like Seashore aad Ivy)

investigated the effects of amphetamines on Judgment of militar officers

nerforming staff duty exercises over a period of 72 hours. The officers

were given no break initially for 42 hours, but then received a six-hour sOd

four-hour break during the remainder of the exercise. Also, officers who

were given 40 milligram (rgs) of benzedrine did not show significant differ-

ences In judgment from those in a control group receiving placebos. Deter io-

ration of performance was not lessened by the drug and little evidence was

seen of the drug producing any aidverse effects upon judgment.

Cuthbertson and Knox 1 9 0 found that 15 rgs of methedrine did not pro-

, duce any significant differences in the mood and subjective feelings of

"* 1 8 9 W. Somerville. "The Effect of Benzedrine on Mental or Physical Fatigue

in Soldiers," Cnadiam 'Medicat Association Journal, 1946, 55, 470-
476.

19 0 D. Cuthbertson ,and J. Knox. "The Effects of Analeptics on the Fatigued

Subject," JournaZ of.PheyioZogy, 1947, 106, 42-58.
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subjects during an 18-mile march after 24 hours without sleep than a

similar group which was given placebos.

Davis 1 9' reported British studies with stimulants carried out during

WWII. These studies found that the subject who had taken amphetamines

usually judged the effects more favorably than the experimenter.

Effects on Athletic Perfomance and Reaction Time

Smith and Beecher 1 9 2 made a thorough study of the effects of drugs on

athletic performance. Their studies show that amphetamines can produce

significant enhancement of athletic performance, even in track and field

events (like shotputting) in which endurance or fatigue should not play a

major role.

Hollingworth193 reported the effects of caffeine on reaction time.

Small amounts of caffeine produced a decrease in rsaction time within two

hours. According to Hollingworth, the initial effect of caffeine was a

"briskness" leading to false reactions, and a retardation in reaction time

followed, possibly because the subject was becoming weary. Seashore and

Ivy194 found a signdfLcant ,decrease in discrimin tion reaction time after

fatigued subjects received 10 mgs of DL-amphet ne sulfate or 5.0 mgs

195of methamphetamine hydrochloride. Tyler repo ted that after 60 hours

19 lD. Davis. "Psychomotor Effects of Anaieptics and Their Relation to
Fatigue Phenomena in.Air Crews," British Medi Z BuZZetin, 1947, 5 43-45.

1920. Smith and H. Beecher. "Amphetamine Sulfat and Ath1'itic Performance,
I. Objective Effects," JouwrnZ .of Amerwloa dioaoZ Association, 1959,
170, 542.

"193I. Ho]llingworth. "The Influence of Caffeine n Mental and Motor Effi-
ciency," Archives of Psychology 1912, 3(22), -66.

194R. Seashore and A. Ivy, op. cait., 1953.

19519D. Tyler. "The Effect of Amphetamine Sulfat end Soe Barbituates oa
the Fatigue Produced by Prolonged Wakefulnes Ama JournZ of
Physiology, 1947, 150, 253-262. k
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of s1leep 1oss. the loss In renction time was counteracted by amphetamines.

In tne same study, caffeine impaired the ability to muintatn arm st*a4i-

nees, while amphetamines improved performance.

EVfects on Coordination

The effects of drugs on tracking tasks have been extensively studied.

These tasks require the subject to follow a moving target or compensate

f"or movement. Payne, Hauty, and Moore 1 9 6 found that a control group

(placebo) performed significantly poorer during a four-hour tracking per-

formance than did a group given dexedrine. The performance of the drug

group was dose-related, with improvements associated with doses ranging

from 1.24 to 12.5 mgs. The higher dose showed greater improvements.

Hauty, Payne, and Bauer 1 9 7 studied a four-hour tracking performance

in a low-oxygen atmosphere. These workers found that five mgs of d-

amphetamine allowed their subjects to maintain their proficiency over

the duration of the experiment. In addition, the drug provided complete

compensation for the predicted degrading effects of hypoxia. The'pro-

ficiency of the control group which was given a placebo dropped.

Effects on Monitoring Performance

As automated detection and surveillance system are developed, the

operator's role is reduced to that of evaluating and responding to the

'output of the devices. These types of tasks are extremely boring and

R. Payne, G. Hauty, and E. Moore. "R storation of Tracking Proficiency

s os a Function-of Amount and Delay of Analeptic Medication," ofu-OUM4 of
Com.rpctive PhyeioZogy ana Fayc-hoýZog, 1957, 50.

197 G. Hauty, R. Payne, and R. Bauer. "Effects of Normal Air atd Dex1ro-

Smphetanines Upon Work Decrements Induced by Oxygen Impoveritbent and

Fatigue," Journal of Phatri~alogy and Experimental Therapy, 1957, 19385,-389.
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experimentation was undertaken to see if drugs woild va)'e Individuals

performing under these conditions more vigilant or moye alert. As re-

ported by Platnikoff, et al., ?ayne and Moore 1 9 8 tested three groups of

subjects for 30 continuous hours. All three groups performed at the same

fairly steady rate on the first day. No decline in Oroficiency was ob-

served for the first 15 hours. After 15 continuous, hours, performence

fell steeply, improved later, b~t fluctuated. The group given p!L-

ceboe on the second morning never attained the proficiency level of the

first day. The group given the D-amphetamine on the second day demonstrated

Improved performance which approximated the highest inltial level of the

first day. This improvement was noted about one hour after administre-

tion of the drug. No evidence of letdown in the groups receivina ampheta-

mines was detectable.

[ornetsky, et a2l.,199 suggested th.t tasks which are monotonous and

require continuous attention suffer more as a consequence of lack of sleep

than performances which do not require continuous attention.

Effects on Mood and Subjective Feeling

Nathanson 200 found that subjects, who had been administered amphetA-

mines, reported an increase in energy and a desire and capacity for work.

1 98R. Payne and E. Moore. "The Effects of Some Analeptic and Depressant
Drug. Upon Tracking Behavior," Journal of PharmaoZogy and Experi-
mental Ther.py, 1955, 115, 480-484.

"99C. Kornetsky, A. Mirsky, E. Kessler, and J. Dorff. "The Effects of
Detxtro-amphetimine on Behavioral Deficits Produced by Sleep Loss in
Humans," Journal of Pharnolo,4l and EapeimentaZ Therapy, 1959,

127, 46-50.
_0M. Nathanson. "Central Action of Beta-Aninopropylbenzene (Benzedrine)

Clinical Observation," Jurnal of Aericanm Medical Association, 1937,

180, 528-531.
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Barmack20' found that amphetardnes did not eliminate bo-cdom AM farlgie.

but did diminish their effects considerably. In a study by Bahnsen,

Jacobsen, and Thesleff, 2 0 2 using amphetamines, it was found that,, besides

the lessening of the effects of fatigue, there was a considerable increast

in wanting to. work along with the feelings that amphetamines made the

task eaaier to perform.

Tyler 203 conducted a series af studies on performance of large groups

of men who were forced to remain awake for as much as 112 hours. In one

experiment lasting 72 hours, it was found that amphetamines administered

every 8-12 hours, starting either at the thirty-sixth or ,forty-eighth

204
hour of being awake, made it easier to stay awake. Davis found that

,mphetamines increased feelings of alertness in subjects kept awake all

night. The subjects reported mild elation and did not suffer from the

Lensions usually experlenced by subjects during the study. They reported

205fewer feelings of doubt, anxiet7, and discomfort. Alwall found that

soldiers experiencing three nights of exertion with little sleep in the

daytime reported thit their outlook had improved after taking benzedrine

201J. Barmeac!. "The Effect of Benzedrine Sulfate (Benzyl Methyl Carbina-

mire) Upon the Report of Boredom and Other Factors," Journal of
PsychoZogy, 1938, 5, 125-133.

202P. Bahnsen, E. Jacobsen, and H. Thesleff. "The Subje:tive Effect of'
Beta-phenylisoprorylauinsulfate on Normal Adults," Acta Med. Sca.,
193-6, 97, 89-131.

20 3 D. Tyler, op. cit., 1947.

204D. Davis, op. cit., 1947.

2 0 5N. Alwall. "Frequency and ouration of the Subjective 'and Secondary

"Effects of Benzedrine and Pervitin on Intenssly Fatigued Persons,"
Asta Med. Scan., 1943, 11_4, 6-32 (Psychological Abstracts, 20.90).
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or pervitin on the morning of the third day. They also reported that they

felt less fatigued.

Length of Time That.Drugs Are Effe'ctive

206
Hauty and Payne indicated that 5.0 mgs of dexedrine was effective

in eliminating the effects of fatigue for over a seven-hour period.

Cuthbertson and Knox207 indicated that the first amninistration of ben-

zedrine was effective in alerting subjects for 12 to 16 hours, while a

second dose was effective for only five to eight hours. Payne, Hauty,

and Moore208 suggested, however, that a given dose of dexedrine has a

"constancy of effect that is independent of work decrement level." In

other words, a givev dose of dexedrine should always improve performance

by a specified amount, no matter how tired the subject.

Most of the inwestigattons, n drug effects reported ia this section suf-

fer from the difficnlty that the time sequence for the particular drug

affect is usually unknown, i.e., *ihen the drug effect is max- al and

what the slope of the curve relating time since administretion an4 drv4

effect might be. It is also uniknown whether there are i-dividua& diffaro

erences in these respects, and whether differences in doesa produce

differences in the slopes of these curves.

.Gcneral Conclusions

Platnikoff, et al., 20 9 summarized the literature on the effects of

drugs on performance, &ad concluded that the evidence indicated that

2 0 6 G. Hauty and R. Payne. "Mgthods for Mitigation of Work Decrement,"

Jou'nal of Eoerimentat Peycho0ogy, 1955, 49, 60-67.
2 0 7 D. Cuthbertson and J. Knox, op. &it., 1947.

20X. PayneG . Hauty, and E. Moore, op. &t., 1957.

209N. i latnikoff, et sal., op. cit., September 1960.
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performance can be enhanced by drugs. But they also indicated that a

wide range of behavior (from shotputting tomonitoring a clocK face) in

affected in this way. Barmack 2 1 0 found that the greatest difference be-

tween amphetamJnes and placebos was on adding numerals, which occurra

toward the end of the work period. The control subjects reported feel-

Ings of boredom, irritation and inattention. Korneteky, e.t al.,211 found

that D-amphetamines improved performance only in subjects auffering from

sl,'ep loss. Newman 2 1 2 also found that prolonged sleep lous was neces-

sary befoca an improvement could be shown on complex psychomotor perfor-

mance. Mackworth's 213 resuls showed no enhancement, only a restoration

by amphetamines to normal performance on a vigilance task. However, drugs

4.ere able to forestall the decline in pioficiency-with time.

There are strong indications that anphetamines can produce effects

in excess of a mere restoration of normal levels of performance degraded

oy various factors. The cost invc.'ved to obtain the enhancement may be

excessive, both from the standpoint of physiological and psychological

factors. However, except for reports of insomnia, the subje.ctive effects

214
of normal dose amphetamines is generally favorable.

210 J. Barmack, op. cit., 1938.

21C. Yornetsky, op. cit., 1959.

-2 1 2H. Newman. "Effect of Amphetamine Sulfate on Performance of Normal
and Fatigued Subjects," Journal, of PharmoZolgj mid E'perimentaZ
"Thf'rapy, 1947, 89, 106-110.

213'N. Mackworth. Resaecrokee 6n the Meaaurements of. Iiwna Perforwance,
MR Stationery Office, London, England, 1950.

N. Platnikoff, et al., op. cit., September 1960.
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Su-ry and Implicetions

If using drugs to enhance performance is to be considered by mili-

tary planners, then the conditions under which drugs wouldbe used must

be defined. Literature defining the enemy Threat indicates that nuclear

warfare is likely. In addition, they have the'capability to use chemi-

cal and biological warfare. The future battlefield is envisioned as an

initially high-intenaity conflict, one stressing large armor fornations

moving rapidly in a fluid ground-gaiaing environment. Continuous 24-hour

combat lasting for days seem to be indicated. Crews may get little or no

rest. Relief of crews or units may not be possible. If warfare is to be

conducted under the above conditions, the use of dr'ige to enhance perfor-

mance may become 'the only alternative. At the present time no other

approach shows as much promise in alleviating the effects of fatigue cad

#leep lose.

How long drugs can alleviate the effects of 'fatigue and sleep lose

is not ,definitive. Their effectiveness also seem tj lessen with con-

tinued use. The use of drugs during the initial stages of future conflicts

may seem reasonable, but sooner or later the effects of such combat will

take its toll At the present time we can expect -that tank crews can

operate with little degradation for periods up to U0 hours. Haw much longer

they can be expected to perform, with or without drugs, is not well defined.

We still need to know the costs involved in drug xaage before we can

"ascertain the practicality of using them.
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Toxic Env ironment (Chemical,/Biological)

Chemical warfare, In the form of widespread uwqe of A varietv of gases,

was instituted during WWI. However, since that time, chemical warfare has

not been used in a major engagement. Biological and radiological weaponn

are more recent add..tions to the arsenals of the world. Over the inter-

vening years, a large muno~t of research has been devoted to the physical

effects engendered by these agents. This experimentation has been gen-

erally restricted to laboratory-type studies, with only a small percentage

involving operational situations in the field. The training andertaken by

the Army applies especially to the psychological hazards of the threat of

P'xposure to these agents. In particular, this training stresses that this

hazard can best be overcome by- an understanding of the principles involved

and by the develcpeent of procedures to be followed in the event of ex-

posure.

Combat personnel are provided with individual protection against chem-

ical agents when operating under threat of an enemy chemical attack.

Dif erent types of cbpmical protective clothing are available for wear in

dif erent weather conditions, as well as for special-purpose environments.

Bot permeable (clothing that allows the passage of air and moisture

thr ugh the fabric) and impermeable,protective suits are currently in the

inv ntory. If an enemy chemical att -ack is anticipated, combat troops

nor lly will be issued Standard-A permeable chemical protective-clothing'.

The overgatiment is intended to be worn directly over the duty' uniform;

h .in high temperatures, it may be worn directly over underwear.

Th overgarment is not designed to be decontaminated-'and reimpregnated

fo reuse. It is discarded within six hours after being contaminated
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with liquid chemical agents or when it becomes worn or ripped to the ex-

tent that it cannot be repaired.

Tank crewmen are equipped with a protective mask which is coupled to

the tank gas-particulate filter unit which forces air to the facepiece,

thus enhancing the wearer's comfort in hot weather. When the mask Is worn

outside the tank, the individual inhales air through the protective mask

canister. An anti-fogging kit is a component of the mask. For protection

against a biological agent attack, there is also a protective mask with an

attached protertive hood. This mask and head arrangement 3ives complete

protection against aerosol-type biological agents.

Because of potential enemy chemical attack capabilities, it is prob-

able that a massive amount cf chemical agent will be delivered on our units

in an extremely short period of time during such an attack. To counter

this, US personnel who are under the threat of an enemy chemical attack

must wear their protective clothing and masks at all times -- unless their

duties, the weather, or personael needs prevent it. In these instances,

they will remove only "hat amount of protective clothing and equipment

for the time required to perform these duties, etc. The amount and degree

of protection in a given situation is usually determined by the unit com-

mander. Generally, personnel must adopt to wearing protective -lothing

and eouipment for extended periods because of the effort and time required

to put them on.

Due to the various military situations, unit missions, duty require-

ments, and basic human needs, it is almost impossible to permit personnel

to remain totally protected against chemical agents at all times. Further,

individuals operating at high. work rates while wearing chemical protective
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clothing may experience heat exhaustion (dizziness and faintness) at any

time, especially during periods of high temperature and humidity. Also,

individuals wearing protective Sear will tend to experience fatigue

resulting from such factors as difficulty in breathing while wearing a

mask, 'increase of body temperature from work energy and solar heat, and

psychological and physiological stress. Fatigue will increase the need for

sleep and rest in order to maintain individual alertness and efficiency.

Finally, individuals cannot be in full protective gear for indefinite

periods and still attend to certafn personal needs such as eating, receiving

medication, caring for wounds, shaving,' and elimination of body waste.

Therefore, it will be necessary to provide chemical collective protection

shelters for personnel to permit them to rest and take care of their per-

sonal needs.

In order to counter the possible effects of CBR warfare employed by

the enemy, the military has adopted whet is called the Mission-Oriented

Protective Posture (OMPP). This allow the comwander 'options and co-

promises to assure the accomplishment of the unit mission with minimum

risk of casualties.. This posture requires personnel to wear individual.

chemical protective clothing and.equipment consistent with the chemical4

threat, work rate imposed by their mission, temperature, and humi4.ty with-

out unacceptably degrading their efficiency from the effects of heat . .-

psychological stress, etc.

215
Hodge, in him presentation to the Conference on ContinuouW Opera-

tions in 1971, cment.*d dn the need for long-term exposure criterta to

4tmospheric pollutants such as fumes, vapors, etc.

2D. odge, op. cit., April 1972.
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MTL-STD 1472A2 1 6 provides typical design guidance. It states:

Personnel shall not be exposed to toxic substances In
excess of the threshold limit values contained in the
American Conference of Government Industrtal Hygleniwts --

Threshold Limit Values ....

A threshold limit value definition was adopted by the American Conference

on Government Industrial Hygienists (ACGIH) and reads as follows. 2 1 7

Threshold limit values refer to airborne concen-
trations of substances and represent conditions under
which it is believed that nearly all workers may be
repeatedly exposed day after day without adverse
effect ....

Threshold limit values refer to time-weighted
concentrations for a 7 or S-hour workday and a
40-hour workweek. They should be used as guides in
the control of health hazards and should not be used
as fine lines between safe and' dangerous concen-
trations ....

... They are not intended for use...in estimating
the toxic potential of continuous uninterrupted
exposures....

To evaluate continuous operations in this area, Hodge recoumended the

following:

a. long-term exposure criteria for five days,

b. estimates of the effects of eight-hour limit exposure levels
experienced for periods longer than eight hours,

c. an Army document which treats the problem of long-tei-a
exposure.

Hodge concluded his remarks with the recomaendation that an Army agency

specializing in toxicity problems, such as the US'Army Environmental Health

Agency, should be requested to develop the needed recozmendations and

2 1 6Military Standard 1472A, op. cit., May 1970.

217 ThreshoZd Limit Values of Airboorne ContcWrinwnt and Intended Changes.
American Conference of Governmental Industrial Hygienists (ACGIH),

Cincinnati, Ohio, 1970.
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define any new research which may be required for long-tern exposure to

toxic fumes and vapors.

Effects Upon Performance Using Breathing AparlatUs

Comte 2 1 8 studied the effect of three differeut types of masks on

human performance in an industrial- setting. Over all mask conditions,

it was found that the perspiration accumulation caused considerable dis-

comfort to the wearer. Also, for all mask conditions, excessive rises in

the physiological cost of work were found to accrue. The stress indicated

'by the physiological changes was found to be' largely due to desi. faults

in the breathing apparatus of the Various masks. In particular, some of

the major problems experienced were: (1) exkateace of large dead spaces

in the facial part of the masks; (2) excessive resistance to breathing;

and (3) inability of the masks to supply a-vadequate air supply. Comte

recommended that when using a mask, 30-minute work periods, which are

associated with loads of 230 to 390 kilograms per minute, should be fol-

lowed bf a 30-35 minute rest period.

Burgess, et at 20 have found that men can subjectively scale differ-

ences in actual breathing resistance while using the M17 chemical protective

mask. Further, differences in work rate alone were found to produce dis-

tinguishable differences in the sensation of breathing-resistance.

218T. Comte. Assessment of Organiam Efficiency, While Working in Breathing

Apparatus, Library Translation No. 1699, Royal Aircraft Establishment,
(translated from Polish by R. WrIski), May 1973.

"219W. Burgess, H. Wolper, H. Stcudt, and R. Woodcock. Studies on Perfor-
"mance Factqr6 in Protective Mask Design, EACR 1310-22, Department of
the Army, Headquarters, Edgewood Arsenal, Aberdeen Proving Ground,
Maryland, December 1972.
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Montague, Baldwin6 and icClure220 measured the effects of wearing the

CBR protective mask while performing selected types of military activities.

Measurements were taken after wearing the mask for one hour, and again

after the mask was worn for five consecutive hours. Subjects performed

under hot daylight conditions with short unmasked breaks every two hoursi.

It was concluded that the average loss in performance attributed to mask-

ing was less than 10 percent. The tasks studied were: (1) vigilance while

driving; (2) radio communications; (3) unaidcd target detection (no op-

tics); (4) aided targets detection (optics); (5) weapon firing; (6) cross-

country running; and (7) verbal communications. The authors reported that

in'a subsequent chemical corps experiment in cooler weather, it was found

that men could wear the mask for at least 68 hours with no particular

difficulty, if given short breaks every two hours.

Researchers in'a Combat Developments Command Experimentation Center

(CDCEC) study2 2 1 found that ailitary -subjects experienced difficulty in

seeing, breathing and maintaining their sense of balance while wearing a

protective mask. To minimize the visual and breathing difficulties, the

subjects soon began to pace themselves slower. The visual and balance

difficulties were presumably due to the reduced FOV afforded by the weak.

This reduced field made it impossible for an individual to see the ground

at his feet without inclining his head. In addition, voice communications

220W. Montague, R. Baldwin, and A. McClure. The Effects of Wearing the
CPR Protective Mask Upon the Per'ftw,=we of Seloeted Individual Combat
SkiZZs, Technical Report 57, Humn= Resources Research Organization,
Alexandria, Virginia, June 1959.

2 2 1 Road BattaZion Operations in a Toxic hvAiroiwnt: VoZzme I of III.

Operational Capability Experiment, CDCEC 63-4, HQ, Department of the
Army, Combat Developments Command Experimentation Center, Fort Ord,
California, December,1963.
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while dismounted were difficult to understand. It was recommended that:

(a) the M17 mask be modified to allow for drinking; (b) the mask filter

pads be Improved to increase the sweat absorption capability; and (c)

the mask be equipped with a voice emitter for providing voice communica-

tions when the wearer is dismounted.

Eichna, et a., 2 2 2 has also investigated the effects of three differ-

ent methods of protecting tank crews against chemical-warfare agents. The

three methods were: (1) individual masks and piotective clothing; (2)

:ventilated faceplate connected to a central air system; and (3) collective

protection of the entire tank under positive pressure. The ambient temp-

erature conditions under which the study was conducted was hot with DBTs

ranging from 88* to 103*F. Also, the daily temperature averages during

the study were 96.3*F DBT and 77.8"F WBT. Of the three methods, the mask

was considered the least comfortable, primarily due to the breathing re-

sistance. Further, while wearing the full impregnated chemical clothing,

the loader and tank commander were incapable of performing their normal

duties, which caused the tank to be rendered inoperable. The sole objec-

tion to the positive-pressure system was heat accumulation in the turret,

due to the poor distribution of air. It was concluded that under the

climatic conditions of the study, the combat mask with impregnated clothing

offered a simple method of protection, which with further improvement,

could result in nearly optimum protection.

Effects Upon Performance During Tattical Operations

" CDCEC 2 2 3 undertook a major field study to investigate the' effects'of

wearing chemical protection gear on the'performance of a reinforced ROAD

2 2 2 L. Eichna, R. Walpole, W. Shelley, and J. Whittenberg, op. cit., 1944.

2 2 3 ROad BattaZion COperations in a Toxic Emiromnent, op. cit., 1963.
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infantry battalion in aseries of ,74-hour problems.. The primary finding

in all phases of the experiment was that the wearing of chemical protec-

tive gear was associated with progressive individual and unit ineffective-

ness over prolonged periods. However, it was also found that wearing

this protective gear did not cause significant initial mechanical degre-

dation of performance. The symptom exhibited by individuals indicative

of performance degradation were: slowing of pace, loss of motivation,

dulling of mepta1 alertness, increased irritability, thirst, hunger, and

face irritation caused by the protective mask. Depending on the outside

temperatures and' the level of energy expendit-re, unit effectiveness was

degraded in that increasing numbers of heat casualties (which were likely

to have been induced by the protective suit) occurred as a function of

time. However, before fatigue, discomfort, and the effects of dehydration

and body heat buildup appeared, well-trained personnel could perform all

tasks about aswell wearing a protective suit as they could without the

suit.

Performance under two suit conditions (open and closed) was also

compared. The "open suit" consisted basically of two layers of impregnated

clothing and the M17 protective mask. The "closed suit"' 'was the same

except that the outer garment collar was kept buttoned, a protective hood

was worn over the head, and a mask and long cotton gloves were worn over

the field jacket cuffs.

"The CDCEC researchers also looked at tank crew performance under rea-

listic field conditions. During '.hese exercises, crews kept the tank

blower system in operation. However, the temperature inside the tank was

still slightly higher than the outside temperature (80*-85"F WBGT). Even
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under these conditions, the tank crews were able to complete each two-hour

exercise without difficulty. The tank crew~en, with thc exception of the

driver, expended little energy under the conditions of the text. They

found that ln.;Ide suit temperatures were independent of ambient tempera-

tures in WBGT ranges above 75"F. Tank commanders reported that it was

almost impossible to clear stoppages and load the caliber .50 machinegun,

due to interference from the protective gloves, mask and hood. Tank gun-

ners experienced difficulty in using the primary and secondary firing

sights. To obtain a correct sight picture, the eye had to be placed

closer to the sight than the mask would allow. In doing this the gýnner

aoplied too much pressure against the mask, which caused a depression

Ln tne' se.ni-flexible facepiece. After firing, the gunner would push the

mas' back into its original shape with his hands. Loadevs reported prob-

Len in removing rounds from the floor ready racks and leading them in the

main gun. They also had trouble in checking the recoil replenisher tape

and loading and clearing the coaxial machinegun. All of the loader's

problems were related to the wearing of the protective gloves and did not

appear to be major. It was felt that these difficulties could be over-

come through specific training of the loader. The canister and hose of

the collective protection system caused some restriction of body movement,

especially for the tank commander.

Under tactical operating conditions, Eichna, at al. ,224 found that

when tank drivers reached or came close to their limits of tolerance

.(when wearing protective gear), their driving became more rough. In par-

ticular, there was a tendency for drivers to take bumps on the fly and

224L. Eichna, R. Walpole, W. Shelley, and J. Whittenberg, op. cit., 1944.
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to hit 'trees. Under normal conditions, driving was excellent, careful.

and well done. In firing the main gun when the tank was buttqned-up, no

differences were noted in target acquisition and firing, whether or not

combat masks, ventilatel facepieces, or no protection equipment werte worn.

Individual and Unit Stay Times

In the CDCEC study, 2 2 5 it was found that in high WBGT ranges (75-

90*F) that infantry units were able to operate effectively (at high energy

expenditure rates) for approximately 20 minutes for a too-man radar team

while wearing a closed CBR suit, and about 90 minutes in the case of a

rifle platoon conducting an attack. Time of effective functioning while

occupying a defensive position exceeded 20 hours. In this study they

found no differences resulting from the wearing of protective gear in

terra of either overall levels of performance or learning rates. This

applied to tactical performance, information processing, accuracy of dis-

crimination reactions, learning in a complex problem-solving task, and

accuracy in communication of abstract messages. However, when measures

of quantity or rate of output were used, along with measures of accuracy,

there were differences associated with wearing protective gear. It took

more time for individuals in-the-open or closed suit conditions to achieve

accuracy than for those in the free suit condition. In moderate WBGT

ranges (30"-75"F), performance during an attack in the open suit became

degraded after seven hours. Performance of personnel in the closed suit

"declined after only two hours. Sublective observations concerning troop

behavior reported that leaders lost control of their units, troops became

2 2 5 R'ead.3attaZion Operations in a Toxic Em'viravuent, op. cit., 1963.
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irritable and lost interest in the tasks at hand, formations wpre ragged,

and there was a reduction in the number of personnel firing their weapons.

At low energy rates, units were able to remain effective for as long as

31 h'urs.

Casualties in the defensive conditions (low energy rate) were eue,.

with few exceptions, to water deprivation, body water loss, and general

fatigue rather than to an excessive buildup of body heat. Similar find-

ings were reported for the offensive exercises.

These researchers concluded that the amount of. stay time for a unit

is dependent on the ambient temperature and the rate of energy expendi-

ture. Under a high rate of energy expenditure and an outside .WBT range

of 75"-90"F, the tolerable stay time varied from 30 minutes to not more

than two hours. Under these conditions, individuals in open suits lasted

slightly longer than those in closed suits. Further, it was concluded

that acclimatization to heat by personnel does not appear' to inprove the

individual 's ability to withstand heat atress when eneZosed in either the

open or closed suit. St"y time during moderate WBGT (30"-75*F) varied

from six to ten hours. At low energy rates in a high WBGT while pre-

paring a defensive position, units remained effective from 20-25 hours.

In a low energy situation at moderate WBGT (30"-75*F), tolerance

times were about the same for both open and closed suits and averaged

20-10 hours. The major factors contributing to casualties under this con-

. dition were seen to be deprivation of water, which resulted in physical

exhaustion from excessive body water loss and resulting physiological

1' damage.
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Compatibility of Protective Wear With Task Performance

The CDCEC study22 6 found that most of the difficulties with- the pro-

tective mask dlminished as personnel became adapted to wearing the mask.

The difficulties experienced while wearing the mask in the use of optical

instrum.2nts, such a3 the tank gunsight, and the inability to use the mil

scale in the binoculars, could be eliminated only by the modification of

the mask or modification of the optical in3truments. The protective

gloves hindered those tasks which'required i fine tacti-'e sense or the

manipulation of small objects.

Dickinson, Eckles, and Mullen 2 2 7 conducted an evaluation to determine

if the fire-control Lomponents and the protective equipment worn by the

tank crewmen were compatible when used by the operator as a total system.

The H25A1 protective mask and the T56 protective helmet were used in the

evaluation. Vehicles used were the M60A1 and M60AlE2 tanks and the H551

armor airborne reconnaissance vehicle. The authors found that, in gen-

eral, the protective m"sk was incompatible with the brow pads. It was

found that the pe.zipheral. portions of some brow pads deformed the mask

lens. Of the three brow pads examined, there was an interfacing' problem

between all three brow pads and the man wearing a protective mask. The

mask was deformed by the eyepieces of the telescope, periscope, and

rangefinder. In the M60AIE2, approximately 65 percent of the field of

viev was lost with the XK50 periscope wh'en .the mask was worn. They also

i 26 bid.

2 2 7N. Dickinson, A. Eckles, ana W. Mullen. Hwnan Factors Assessment of
Equipment Intcrface Prob Zeme Asaociated With Tank Crewman Protective
Equi.pment, Technical Memorandum 20-71, US Army Human Engineering Labors-
tories, Aberdeen Proving Ground, Maryland, October 1971.

116



found that viewing through the driver's periscope did not appear to cause

any problems in judging distance, width, or terrain profile. If length c1F

time is a significant factor, simultaneous donning of the protective

clothing by the crew within the fighting compartment was not seen to be

effectivt- or practical.

In Phase II of the EEL study conducted by Dickinson, et al, it was

found that there was little effect upon the performance of gunnery taeks

when wearing the mask and other items of protective equipment. The

narrower field of view when wearing the mask did not measurably affect

times to fire on clearly visible targets. The authors stated that there

'a no information as to how the narrower field of view might affect tar-

ý,at detection, especially at close ranges.

Donning Prot:ctive Clothiig and Equipment

Dickinson, et al., 228 found that in the M60A1 tank the driver ini-

tially took 25 minutes to dress. This was reduced co 16 minutes with

four practice trials, 'excluding the protective hood. An additional four

or five minutes wal -zquired for the hood, provided the hood was stowed

with the protective mask and the buddy-system was used to assist' in

positioning the hood around the mask and fastening the shoulder straps.

Total time could exceed 20 minutes under less than optimum conditions.

'nly two crew members can dress at the same time -- one in the loader's

.station and the other in the couander's station. It is not feasible to

put the protective hood over the CVC (tanker's) helmet. The hood is too

small and renders it difficult for tha crewman to operate the communica-

tions controls on the helmet. In the M551 and M6OAUEM vehicles, to dress,

228•.+
* ThIid.--
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the driver must position himself in the loader's station, remove certain

rounds of ammunition, and reposition the turret. Vnder c-c-,J-;,atch

conditions, -.. ranmition and probabZy one awr'ition rack w~ouzd have to be

re'moved,

The protective mask carrier bag, uhen worn by the gunner on his left

side, rubs the carrier as the gun depresses and elevates. If worn on the

right side, the carrier interferes with operaticn of the computer amuni-

tion selection handle. The most appropriate position to wear the carrier

for the gunner appears to be over the chest. Some difficulty was reported

in operating palm and finger switches and pushbutton controls with the

cotton gloves. Tht cotton gloves caused no problems in operating bore-

sighting knobs and levers, toggle swirchesý and rotating switches. The

problem associatW with the cotton gloves can be geneza'ized to all

"- gloves.

General Comnents

As a result of the CDCZC study, it was felt that there is 'inadequate

established doctri,. with respect to tactizal operations in a toxic en-

vironment. Formulat~on of such doctrine is required. Further, it should*

consider inclusion of the following techniques: (a) reduced rates of'

movement; (b) use of vehicles to conduct troop movements (including air

transport, even for short distances, .'.ertnaver practicable); (c) selec-

tion of coolest periods of the day ý.r night for conducting tactical

operations; (d) frequent rest and r~habilitation in protective shelters

when available; and (e) replacement by elements rather than by individuals.

* It was also discovered in theCDCEC study that age was a key 'factor

in endurance, and despite otherwiae excellent'physical condition, personnel
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30 years or over fell out earlier on the average than their younger counter-

parts. It was found that if a body temperature of 105 0 F was maintalned

for an appreciable time, interference of the body's heat regulatory aye-

tem rer,1ted, with a risk of heat stroke, which is often fatal. During

the study a limit of 103*F (rectal temperature) was established by the

Army Research Institute of Environmental Medicine. This lower limit was

adopted because even after a casualty has been stripped and measures

taken to cool him have been applied, the rectal temperature may continue

to rise as much as two degrees before it starts to drop.

S§ymary and Implications

Stay time within a buttoned-up tank while wearing CBR protective

gear is dependent upon many factors. Three of the most significant fac-

tore are the outside temperature, type of activity being performed, and

the amount of water deprivation.

Although many of the studies reviewed concluded that performance is

not affected by the wearing of CBR protective gear, it is interesting to

note many of the isolated accompanying. statements that occur in these

same studies which indicate that there are serious problems due t in-

compatibility of protective gear and tank equipment and to design

limitations of the protective gear itself. Some examples to ill trate

the above statement are:

1. The wearing of chemical protective clothing and equ pment
causes progressive individual and unit ineffectiveness over a pro onged
period, but does not' cause significant initial mechanical degrada ion of
performance.

2. Progressive ineffectiveness is manifested by slowi of
pace, lose of motivation, dulling of mental alertness, increased irri-
tability and discomfort attributable to tbirst, hunger, and face
irritation caused by the protective' mask.
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3. The difficulties and inabilities experienced in using certain
optical instruments can be eliminated only 7oy the modificarlon of the
mask or the instruments.

The above are a few comments which constantly occur when one reads through

the studies on effects of CBR gear on performance.

There ifj a definite need to study the effects of wearing the CBR

gear for extended periods of time under high ambient temperature condi-

tions, especially during buttoned-up operations.

Individuals, when operating continuously in a contaminated chemical'

environment, will need to make some adjustments in their normal routines.

They must be able to sleep in protective clothing with the mask. They must

sha.'e daily, if possible, to ensure a good seal of the protective mask.

The protective mask for armor crewmen does not have a drinking tube capa-

biliLy. In order to drink, the crewman must lift his mask and hold his

breath, drink, reseal the mask, and then swallow the water. The pace of

action, especially during high ambient temperatures, is much slower than

normal. If the work rate of an individual, is moderate and the ambient

temperature is within 70°-80°F, working with an open suit, the suggested

maximum safe unit work time is 30-45 m=autes. During ambient temperatures

of 85*-100°F under the same conditions, the safe time would be 20-30.

minutes., Cdmmnanders will have to learn to accept the slower paces and be

able to adjust their tactical operations on a realistic basis.

The cumulative effects of wearing protective gear indicate a pro-

gressive lessening of performance. The chemical manual (FM 21-40) has

tables which provide general guidelines for Army commanders to follow

, governing wurk rates for Individuals across three-broad temperature

ranges.
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The suggested maximum safe unit work time, even under work rates at

cool (50*-70"F) temperatures, is only 60 minutes. A low work rate is

characterized by activities which include motorized movement or admini-

strative work.

There appears to be a need for a systematic approach to study

the effects on crew and unit performance while wearing protective gear

and to accurately meastre the amount of degradation if any. The studies

which were uncovered by the literature review point to the importance cf

adequate training programs so individuals can become acclimated to wearing

vrotective gear while performing all their activities, both day and night.

Sustained and Continuous Operations

It has only been in recent years that the concept of continuous and

sustained operations for armor has been discussed seriously. There has

alw-ys been interest in long-term performance, but there is little in the

"Iterature describing present military thinking about continuous operations

doctrine. Recent scientific breakthroughs in night vision devices now

ppormit ground forces to operate with near daylight efficiency. Present

arinored vehicles were not designed or tested to see whether they could be

fought for extended-periods. It was thought conceivable to operate for

extended periods but vehicles were not designed for this specific purpose.

As vehicles become capable of operating over wide areas, one of the fac-

tors which acts to limit continuous operations is man's a.imited endurance.

To achieve the capability to operat- continuously, it is necessary to

expand our knowledge of man's performance capabilities and limitations

under sustained and continuous operations.
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COL Joseph Marks was among the first to attempt to delineate human

factors support requirements for continuous operations tn a paper under

that title delivered at the Army Human Factors Research and Development

229Conference in November 1969. He stated:

The concept of continuous operations as now being
developed does not envision a battlefield environ-
ment at which the same level of intensity will last
indefinitely..., Significantly, however, the varying
operational cycles will be influenced by the unit's-
capability to fight effectively for longer periods
of time and not by the fluctuating environmental con-
ditions of night and day.

•...'Sustained operations' and 'continuous opera-
tions' as defined in the concept are separate types
of operations. 'Sustained operations' are those smaller
unit actions conducted by brigade, battalion, and
company for a given number of days to achieve a limited
objective. During hours of darkness, there occurs a
definite slackening of intensity and applied combat
power. In contrast, 'continuous operations' are planned
and conducted by division or higher unit, and applica-
tion of combat power will remain at about the same level
of intensity and efficiency throughout the 24-hour period
and for periods of fighting extending into weeks.

There is much information which is indirectly related to this area of

research, but it is unknown whether these types of operations are feasible.

230Barber, Behavioral Sciences Division, OCRD, Department of the Army,

made the following comment in reply to a question at the Conference on

Military Requirements for Research on Continuous Operations.

At this point, I want to, further press upon you the
argument that requirements for research related to
continuous operations have their. origins in and are
guided by the activities to be performed....

229J. Marks. "Human Factors Supporc Requirements for Continuous Opera-

tions," Proceedings of the 15tfz Annual US Ar" Human Factors Research
and Development Conference, November 1969, pp 130-135.

2 30j. Barber. "Remarks on Research Requirements for Continuous Operations,"
in D. Hodge (ed.), Military Requirements for Research on Continuous
(aOperations, Proceedings of a Conference Held at Texas Tech University,
Lubbock, Texas, 28-29 September 1971, Technical Memorandum 12-72, US Army
Human Engineering Laboratory, Aberdeen Proving Ground, Maryland, April

1912, pp 1-7.
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The question of human performance in continuous ojerations encom-

passes so many areas of research that its extent Is difficult to dpfine.

Military Studies in Continuous Performance

Banks, et al., 231 evaluated the effects of continuous (48 hours) mili-

tary operations on soldiers' search performance with a night vision

device (Starlight Scope), as well as the effects of continuous performance

on live rifle fire and grenade throwing accuracy over a period of 44 hours.

During the target acquisition phase, the subjects worked in two-man teams

and each individual worked a 30 minute on and a 30 minute off work/rest

cy <le. No degradation in performance occurred in any of the tasks. A

variety of cognitive and perceptual tests were used in the study to pre-

dict search performance. However, they did not correlate with performance

on the Starlight Scope. The results indicated that the soldiers' effi-

ciency in search performance was related chiefly to their search methods,

procedures, and search techniques employed to see and/or recognize tar-

gets.

Drucker, Cannon, and Ware 2 3 2 studied the effects in the laboratory of

sleep deprivation on the performance of armor c'ewmen over a 48-hour

period. Subjects worked in two-man team.: one performing a driving

task and the other a target detection task. The effects of job rotation

trnd shift (day/night) were also studied. They found that subjects who

.23 1j. Banks, J. Sternberg, J. Farrell, C. Debow, and W. Dalhamer.
r • Effects of Continuous MiZlitary Operations on Selected MiZitar'y Tasks,

Technical Research Report No. '.166, US Army Behavior and Systems
Research Laboratory, Arlingrton, Virginia, December 1970.

'2 3 2E. Drucker, L. Cannon, and J. Ware. The Effects of SZeepDeprivation

on Performance Over a 48-Hour Period, HumRRO Technical Report 69-8,
Human Resources Research Organization, Alexandria, Virginia, May ,1969.
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worked for 48 hours with sleep performed significantly worse on the

driving task than control .qubjectm who were allowed to sleep five hours

each night. The difference in performance between the two groups on the

target detection task approached statistical significance. Major degra-

dation in performance for the experimental group occurred during the

period when they would normally be sleeping. Degradation was much larger

the second night compared to the first night. The starting time had no

significant effect. The time of day during which work was performed was,

however, found to be critical. Degradation was not eliminated by job

rotation.

.Dobbins, Tiedemun, and Skordahl 2 3 3 studied the performance of drivers

who were required to drive heavy comercial trucks for nine-hour shifts

about two hours of breaks. Subjects continuously monitored a visual dis-

crimination task while they were driving. No decrement occurred in the

monitoring task, but there were large differences in driving performance.

Jones234 investigated radio operator performance during three long-

range flights of 15 hours each. The optimm duration of a watch was

fouzkl to be three hours, after which a constant reduction in performance

was noted.

Lindsley235 studied the performance of radar operators to deter•.ne

the effects of length and repetition of o erating periods on their per-

D.233. Dobbins, J. Tiedemann, and D. Skord l. "Vigilance Under Highway

Driving Conditions," PerceptuaZ apid Motor SkiZZs, February 1963,
16(1), 38.

234G. Jones. "Fatigue Effects ir. Radio Operators During'a Program of High
Intensity Long Duration Flying," Ae pace Medicine, 1960, 31-478-484.

2 3 5 D. Lindaley. Radar Operator "Prtigge": The Effect of Length and
Repetition of Operating Periods of Efficiency of Perforwa ce, OSRD
Report No. 3334, 1944.
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formance. The eight highly-trained subjects operated n simulatod radar

display four hours a day, six days a week for 17 days. It was fotnd that

a steady loss in signal detection occured and accuracy of determining the

bearing of targets declined. This loss became greater as each period,

progressed, and as the periods were repeated.

Ainsworth and Bishop,236 in a field study with 20 tank crews, in-

vestigated crew performance over a period of 48 hours without sleep.

Performance on the following tasks was investigated: surveillance (moving

and stationary), covonilcations, gunnery, maintenance, and driving. The

experimental group performed continuously during four consecutive 12-hour

a-tivity periods. The control group performed during four 12-hour acti-

vity periods, but were given a 24-hour rest between eazh 12-hour activity

period. Compared to the control group, the experimental group showed

little performance degradation, except in two of the driving exercises.

Only small performance differences wero found between day and night.

The authors concluded that: activities like moving surveillance and some

driving tasks .which reguire a protracted high level of' vigilance or com-

plex perceptual-motor activity are the most sensitive to the adverse

effects of sleep; ,performance at night is not significantly affected by

diurnal'rhythms; and there does not appear to be any need to change the
unit's organitation or tactical doctrine to accomplish continuous tank

platoon operations for periods up to 48 hours. No portion of the study

involved buttoned-up operations.

"236L. Ainsworth and H. Bishop. The Effects of a 48-Hour' Period of SUB-
tained Field Activity on Tak Crew Perforiwnce, HumRRO Technical Report
71-16, Human Resources Research Organization, Alexandria, Virginia,

July 1971.
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Comments on Continuous Operations

O'Hanlon 2 3 7 discuss•d some of the biological problemI thAt might Ar1isL

from sustaineii and continued operations. lie pointed out thAt thore is

litt", directly relevant information on how men react during sustained and

continLJus operations. In addition, studies on men performing physical

work over periods similar to those anticipated for a sustained operation

have not been conducted. He pointed out that data available suggest

numerous potential problems which seem to indicate a serious reevaluation

of the viability of current concepts of sustained and continuous operations.

With sleep deprivation, man's behavior seems to suggest a progressive

dete.rioration in cerebral function, signifying ani almost linear decline

(up to 120 hours of wakefulness) in psychophysiological arousal. This

decreased arousal may cause deterioration in performance on certain

monotonous tasks (such as monitoring) where high arousal seems prerequi-

site for efficient performance. Also, following sleep deprivation, the

capacity for physical work is reduced. This effect will diminish with

time, disappearing after several days. O'Hanlon found no report of an

investigation in which men had performed under a const~ant work load for

periods which exceeded 24 hours, and that almost no one had measured the

recovery of individuals who have worked for prolonged periods.

O'Hanlon further comented at length on hypohydration as being one

of the more serious physiological problem in continuous operations. Men

- 2 37 J. O'Hanlon. "Some Observations From a Literature Review to Anticipate
Biological Problem That Might ;trioe in Sustained and Continuous Opera-
tions," in D. Rodge (ad.), W 'Mitary Requirements for Resea2rh on
C ntinuolu Operations, Proceedings of a Conference HeV at Texas Tech
1 , iiveroity, Lubbook, Texas, 28-29 September 1971, Technical Memorandum
12-72, US Army Human Engineering Laboratory, Aberdeen Proving Cround.,
Maryland, April 1 9 7 2 ,V'p 116-132.
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do not itmuedliately replnce the lost fluid by drinking whcn Mtl imited water

is available. The water is replaced gradually over hours or dmya. This

slow return to fluid balance may leave individuals behavior, lly of phyn-

iologically debilitated during the interim. Recovery from hypohydration

therefore requires two to three days. The effects of hypohydration could

be.minimized by forcing individuals to replace lost water and salt. In

view of the seriousness of the problem, this measure seems mandatory.

Strydon, et al., 238 studied the reactions of two groups of soldiers

on a 29 kilor*eter march. One group was permitted to drink water ad

UNitum, and the other group drank accordingly to a restricted schedule.

Striking effects on the ments morale were noted. At the start and up to

Lne third hour of marching, distinct differences became noticeaable be-

tween the two groups. The 'morale of the restricted group was poor and

they became morose, aggressive, and disobedient toward their superiors

and shouveO signs of fatigue. Their response to discipline decreased

further towards the latter part of the march. In marked contrast, morale

in the ad libitum group remained high throughout.

239 240Ayoub, et al., reported work by Michaels, Hutton, and Horvath,

who found that for continuous work on a bicycle or treadmill or walking

•238N. Strydon, et al. "The Influence of Water Restriction on the Perfor-
mance of Men During a Prolonged March," South Africean Medical Jifoa z,
1966, 40, 539.

M. Ayoub, E. Burkhardt, G. Coleman, and N. Bethea. "Physiological

. Response to Prolonged Muscular Activity," inmD. Hodge (ed.), Military
SBRequirements for Research on Continuous Op•rations, Proceedings of a

Conference Held at Texas Tech U.nivernity, Lubbock, Texas, 28-29
Sep tember 1971, Technical Memorandum 12-72, US Army Human Engineering
Laboratory, Aberdeen Proving Ground, Maryland, April 1972, pp 133-187.

2 4 0 E. Michaels, Jr., K. Hutton, and S. Horvath. "Cardiorespiratory Re-

sponses During Prolonged Exercise," JournaL of Applied Physiology,
1961, 16, 997.
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for eight hours without interruption, 35 percent of maximum aerobic capa-

city could be achieved without fatigue. Fifty percent appears to be the

upper limit of work tolerance for eight hours. Only a select group could

work at 50 percent of maximum aerobic capacity. Ayoub further. stated

that:

Intermittent pauses are the most effective way of
ma.ntaining or increasing work performance. Although
considerable work has been reported on the effects
of pauses, whether these may be micropauses or long
pauses, it appears that more work is needad to investi-
gate the effects of these pauses during prolonged
activities lasting more than 16, 24, or 48 hours of
continuous work.

After reviewing the studies and papers which were presented on the

subject of continuous operations, it is obvious that there is a need for

the military to carefully define the performance requirements they desire.

Further, there is no agreement on the characteristics of continuous

operations. There are apparent contradictions in some of the assumptions

which were used to define the parameters of some studies. Some studies

assume there will be provision to provide rest and recuperation, and

others assume that prolonged physical activity will be required. If

minimw standards can be defined by the military, then research can be

undertaken to determine whether these mininm standards can be mati

Summary and Implications

Of the studies surveyed, there appears to be a consensus that armor

crewmen can perform with little degradation in performance for periods up

"to 48 hours and in some cases sligl.tly longer. However, none of the un-

classified studies reported in this section investigated biuttoned-up

performance (see Appendix, classified information). The activities in
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the studies reported were varied and, in some cases, catnapping was allow-

ed. Studies have not been conducted as yet on men performing physical

work over periods similar to those anticipated for a sustained operation.

Fall-off in performance has been reported when individuals are required

to work whern they would normally be sleeping. Continuous performance in

the buttoned-up mode, with and without CBR protective gear, has not been.

widely studied as yet.

From the information available concerning performance while wearing

CBR protective gear, coupled with the information on operating under high

a•b!ent temperature conditions and the resulting problem created by hypo-

hydration, ic seem doubtful that continuous operations can be undertaken

in high ambient temperatures.

The literature review uncovered no studies in unit performance while

.Operating in the buttoned-up mode. Therefore, it is not known what impact

buttoned-up operations will have on armor units. No training program for

buttoned-up armor operations existed until X.ASSTER~developed the first

prototype training program for use in their field study. Much of the

material was screened from British military publications, which provided

some backeround information. MASSTER has also developed a Unit SOP

governing buttoned-up'operations based on their review of the literature

during 'th. initial training program.
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CHAPTER 3

SUMMARY AND CONCLUSIONS.

The information collected during the course of the- current research

effort indicates that there are two basic reasons why tank crews might

button up in a future military conflict. The first is not new to tankers.

Typically, when faced.witt overhead artillery bursts, small-armm fire

from infantry, overhead fire from buildings, or fire from aircraft, tank

crews may choose to button up (now as in the past) in order to reduce the

likelihood of casualties. This is often a "short-term" necessity. As

soon as the immediate danger passes, normal open-hatch operations are

resumed. The second reason crews may button up is a threat of. actual or

potential attack by CBR weapons. If the likelihood of these hazards per-

siats, operations in the buttoned-up' mode might well become a "long-term"

necessity.

One of the Government's primary objectives in sponsoring this re-

search effort was to assess both the short-term and long-term effects of

operating in a but.otted-up mode. Unfortunately, precise definitions of

the' expressions., "short-term" and "long-'term," could not be found' in the.

literature-., However, general usage indicated that short-term time-frames

were measured in minutes or hours, while long-term time-frames were

measured in days.

Concern with or interest in long-term operations of any type is fair-

ly recent. It stems partly from the fact-that within the past few years

equipment and vehicler in the inventory of US forces have become more

reliable and, therefore, more.likely to function without maintenance for

long time periods. However, the major factor precipitating this interest
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and concern has been the development of night visioti devIcr. and other

technological breakthroughs that permit men to function almost ax well

in darkness as In daylight. These developments have made the constant

intensity 24-hour battleday a distinct possibility. As a result, the

Army mtut be prepared to fight a 24-hour battleday, and possibly maintain

this pace for days on end.

Writers concerned with long-term operations have used the terms,

"extended," "sustained," and "continuous" to describe particular scenarics.

While the distinction between these terms is not always clear, the term,

"continuous," as generally employed in the literature, best describes the

type of operations referred to as long-term in the .,revious paragraphs.

... at is, a "continuous operation" is one which lasts for 48 hours or

more and which varies in intensity throughout the entire period.

It was against this background that available docuettation was sought

concerning the psychological (and associated physiological) factors that

might affect performance during buttoned-up operations. During the search,

I'- was discovered that little research directly concerning buttoned-up

operations had been conducted in this country. However, there was a con-

siderable body of research on topics deemed to be relevant to such

operations. As the literature describing this research was examined and

analyzed, two major conclusions became increasingly obvious. Stated

simply, theoe are:

a. The primary immediate effects of buttoning up are a reduc-
"-. tion in the fields of view of the tank comander, the driver, and the

* loader, and a complete restriction on extravehicular actiVlity.
b. Continuous operations in the buttoned-up mode are not

feasible with our present armored equipment.

The-remainder of this chapter will be devoted to: ,, (a) very'brief

statements summarizing the information reviewed which led to these
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conclusions, and (b) a summarization of findings from th,- literature on

factors which are assumed to be relevant to buttoned-up operations, but

whose actual effects are as yet unknown.

Conclusion 1

The primary immediate effects of buttoning up. are a
reduction in the fields of view of the tank
commander, the driver, and the loader, and a complete
restriction on extravehicular activity.

This conclusion may seem both trite and somewhat obvious. However,

it is ,judged worthy of inclusion and discussion in this report because

of its potential impact on future research. In particular, it servcs to

emphasize that the factors originially identifed in the literature as

having the potential' to degrade performance in the buttoned-up mode may

have no effect on short-term operations. Further research may prove

this expectation false. However, on the basis of what could be gleaned

from the literature, the immediate effects should be only those resulting

from the physical restrictions imposed by buttoning up. Therefore, it

seem that future re'search on short-term operations should be focused

directly on the problems associated with these restrictions.

For example, with a reduced or restricted field of view, the occupantý;

of a tank are likely to be less able to anticipate the high-amplitude

tranaient motions of the vehicle which often result-from negotiating

rough terrain. As a consequence, more physical effort will likely be

expended in maintaining equilibrium-, resulting in greater crew fatigue.

Also, the likelihood of both motkia sickness and injury is increased under

these conditions.

As might be expected, when in the buttoned-up mode, crewmen have

difficulty in acquiring targets. They also tend to become disoriented
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when traversing the turret during target acquisition. In order to main-

tain orientation, tank 6ommanders typically reduce their azimuth tra-

versing rates, thereby increasing the overall time between the Initiel

target detection and subsequent target engagement.

Finally, the restriction on extravehicular activity creates communi-

cation problems. Arm, hand, and flag signals cannot be employed. The

only other currentl.y available means of inter-tank communication is the

radio. However, use of the'radio overloads the existing radio frequen-

cies which are available for communications, and increases the likelihood

of d-etection by the enemy. In addition,. it makes messages more susceptible

to interference by electronic Jamming. Therefore, it is appropriate (as

"indicated above) to focus future research efforts with respect to short-

term buttoned-up operations to problems such as the above. Assuming that

such research could produce practical and relatively inexpensive solu-

tion to this problem, it is likely that degradation of combat effective-

ness under buttoned-up conditions would be minimized..

Conclusion 2

Continuous operations in the buttoned-up mode are

not feasible with our present armored equipment.

It is not necessar* to consider only psychological factors to con-

clude that continuous ")uttoned-up operations would be infeasible, other

than under a very limited set of. conditions. The conclusion is. based

entirely on physiological and human factors considerations. These con-

siderations, and pertinent relate,: facts, are summarized below:

a. Temperature., Buttoned-up operations in cool or cold climes

could be conducted for much longer periods than in warm or hot climes.

It has been shown that temperatures-inside tank compartments, even with
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hatches open, can exceed 100*F in summer weather. It has also been shown

that heat prostration casualties among personnel wearing individual CBR

gear in a tropical climate began to occur in less than one hour. Since

our current armored vehicles alone do not provide adequate protection In

a CBR environment, individual CBR gear must be worn for protection while

in the vehicle. These facts make it obvious that at high ambient temp-

eratures, personneZ wearing OER gear couZd be expected to function for

only ver-g short periode of time in a buttoned-up mode. At low ambient

temperatutes, protected personnel could function for much longer. Hcriever,

for these conditions the upper or tolerance limit is determined by the

length of time these personnel would go without water. Further, this prob-

lem is complicated by the fact that the current protective face mask worn

for CBR protection is not designed to allow the wearer to drink water while

the mask is Firmly in place.

b. Fatigue. The seats in current US Army armored vehicles have

not been designed for comforc or long-term occupancy. Except perhaps for

the driver's seat, the crew positions in US Army main battle tanks have

no provisions for even sho,'t periods of relaxation and rest. These facts,

coupled with problems in maintaining equilibrium during movement, indicate

that continuous operations in the buttoned-up mode would be extremely

fatiguing. This factor alone does not make continuous operations in-

feeuible, as a number of studies have shown that mam can perform without

degradation for 48 hours or more on e variety of tasks. However, fatigue

effects will certainly compound the problem of buttoned-up operations.

c. Visibility. Current US Army tanks have no provision (e.g.,

washer-wipers) for cleaning the external surfaces of viewing optics from

inside the vehicle, Rain, especially in the direction of travel, could
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severely limit visibility, making target acquisition difffcult and travel

hazardous. Heavy snows and icing could effectively blind the crew. Mud

splashes or accumulation of dust would also likely degrade Viewing.

This inability to clean viewing devices under adverse conditions could

limit the time of occupancy, and degrade performance, dependent upon how

badly the field of view was obscured.

d. Storage. Current US Army armored vehicles have no provision

for interior storage of supplies necessary for continuous operations,

especially while buttoned up. Research indicates that as much as 20 gal-

lnns of water may be required for'a tank crew during a 48-hour period in

'igh ambient temperatures. Currently, there is no water supply to the

tr1' interior. Storage tanks are five-gallon cans carried on the outside

of the turret bustle. Additionally, there is no interior space for stowage

of individual CBR gear, personal gear such as hygienic supplies and

clothing, food or wastes. In brief, current US Army tanks were not de-

signed to satisfy the storage needs for continuous operations.

e. Resupply. Even if current US Army tanks could carry the neces-

s ry supplies to maintain life and reasonable comfort while buttoned up,

it is highly doubtful that there is space for-the quantity of aumunition

and fuel which would be required for continuous operations. The hatches

on our current equipment must be opened to take on ammunition and. re-

supp.lies, and a crewman must dismount to perform refueling operations.

Even under otherwise optimum conditions, limited fuel capacity would prob-

ably limit operations to less thaw 48 hours.

f. Waste disposal. Current US Army tanks have no provisions1 for either accumulating or disposing of numan wastes. Equipment for ac-

cumulating wastes, such as employed on space missions, could be provided
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to tank crewmen. Some system which will seal waste mate.rials into break-

proof containers is necessary; otherwise, the odor might became in-

tolerable. Until a waste disposal and storage system Is dehigned sult-

able for a tank, disposal of wastes will be at least an aggravating

problem.

g. Miscellaneous. A number of minor problems might also hamper

continuous operations. For example, neither storage space nor facilities

are provided in tanks for the conduct of personal hygienic activities.

Sponge bathing and brushing of teeth could be accomplished only with great

difficult and, only if sufficient water were available. Other problems,

which might prove to be serious in buttoned-up operations, have never been

investigated. For example, it is known that noise levels in tanks are

high, averaging around 100 dB. However, it is not known whether the

level increases with the hatches closed and, if so, if it reaches

dangerous levels. Similarly, the accumulation of toxic substances with-

in the tank compartments has not been a serious problem with the hatches

open. However, during an intense firefight with the hatches closed,

noxious substances could accumulate, making habitation without protection

dangerous even in short-term operations. Until factors such as these

have been fully invistigated, especially in term of their effects over

time, the feasibility of continuous operations in the buttoned-up mode

must be further questioned.

Other Related Work

Because of the very limited amount of research conducted on buttoned-

I -~up operations, one can only speculate on the potential effects of a number

of potentially relevant factors. These are factors which have been shown
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to be potent in other situations, and may or may not affect performance In

buttonei-up armor operations.

Much research on the effects of confinement and/or isolation has been

reported In connection with space and undersea programs. Many avbjects,

even in laborat.ory experiments, have been unable to endure the conditions

imposed and have defected, in some cases, in less than eight hours. Tank

crewman are definitely confined during closed-hatch operations, and except

for radio comaunications, are also isolated as crews. Whether these fac-

tore will create serious problems in tanks, when and if continuous opera-

tions become feasible, is not known. Tank crewmen are always confined

ard isolated to a significant degree even during open-hatch operations.

It is possible that self-selection results in only those personnel who are

capable of enduring the conditions entering or remaining in the armor field.

* N~eds for privacy and personal space have also been shown to be potent

factors 4 .n previous research where both were deliberately limited. These

factors were recogiized by a Canadian group in the development of internal

arrangements and life-support systems for a small arctic vehicle. However,

* there is no indication that they have-ever been considered in the develop-

ment of US armored vehicles. In fact, the work by the Canadians is the

only work located which gives anything but lip service to life-support

requirements for ground-based vehicles for military or quasi-military

organizations.

- In the past, US armor crewmen have seldom been confined to their

vehicles for extended periods of time. Defecation and urination were most

often accomplished during breaks outside the vehicle. Bathing, shaving, and

other personal hygienic activities were also performed after 'dismounting.
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In brief, the requirements for privacy and space are in need of further

inieatigation if continuous operations in the buttoned-up mode are to

be considered for the future.

Other areas in need of Investigation are the effects of buttoning up

on combat stress and the appropriateness of selecting crews on the basis

of compatibility for long-term combat operations. Crew duties and

functions in continuous operations mint also be examined to determine

whether rest periods are feasible, and if so, how work/rest cycles might

be optimized.

Although not formally stated, it is obvious that a third conclusion

has been drawn by the authors. They feel that a research program targeted

to the problems discussed will be necessary to ensure optimum performance

during either short- or long-term operations. Recomendations toward

this end are presented in the following chapter. A brief deicription

of efforts underway toward this goal is provided in the fine: chapter.
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CHAPTER 4

RECOMMENDATIONS

Throughout the many docuents and other information sources reviewed,

there were numerous references to problem encountered, or that might be

encountered, in buttoned-up operations. However, no attempts to list

the design essentials for armored vehicles necessary for conducting

buttoned-up operations were located. Nevertheless, as indicated in the

previous chapter, our current equipment is lacking in several respects.

If our armored forces are to have the ability to fight in environments

which require them to close the hatches, even for short periods of time,

it is essential that our equipment be designed to support these opera-

tions. This chapter is devoted to recoimendations aimed at achieving

this end.

The chapter is divided into two sections. The first section pro-

vides specific recolmundations for vehicle design modifications. These

suggestions are based on findings from previous works. The second sec-

tion suggests research areas for a programmatic effort designed to ensure

a US capability to engage in continuous operations, in the buttoned-up

mode In the future.

Recommended Design Characteristics for

Buttoned-up Operations

- The recomndations listed here, are suggested as remedies .for prob-

leow encountered by others and documented in the literature. It should be

noted that not all of them will necessarily increase our capability for

continuous operations in a CER environment. Some (e.g., a fate mask de-.

signed to permit liquid consumption), are designed to extend our current
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capability to operate with present equipment. Others (e.g., the pro-

vision of toilet facilities) are designed to extend our capability for

continuous operations, but will be of no real aid in an environment where

individual CBR gear must be constantly worn. Therefore, the modifica-

tions recommended should be considered as interim measures only.

1. Water storage tanks should be installed with a minimum capa-

city of 20 gallons and with an outlet(s) in the crew compartment. If

possible, provision should be made. in order to prevent freezing.in tbhe

winter by Aucting exhaust or engine coolant around the tanks. Also, the

tanks should be pressurized to permit water to be drawn without allowing

contaminated air to enter the tank. Finally, the nozzles should be de-

signed to be sealed against contamination, and should be designed for

insertion into masks constructed to permit liquid consumption without

breaking the seal.

2. A small electric cookstove should be installed. The stove

should be removable and easily stored vhen not needed. As a minimum, the

stove should be designed for heating water for coffee or tea, or warming

small quantities of other rations. The stove and associated equipment

need not be designed for use during movement.

3. A small wash basin should be provided for crewmen to perform

minimal personal hygiene activities. Ideally, the basin should be designed

to automatically drain into a sealed disposable container.

4. Internal storage racks for personal item (wash cloth, tooth-

brush, CBR gear, etc.) should be Installed.

5. Containers for the accumulation and storage of waste materials

should be provided. These should be capable of .being sealed to eliminate
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offensive odors. Expended main gun casings with a pimple plastic snap-

cap might be suitable for some types of waste.

6. Provisions should be made for urination and defecation with-

in the crew compartment. One possible solution is slipon urinals at

each crew position and a chemical toilet under one of the seats.

7. All optical devices should be provided with washers, wipers,

de-icers, and de-foggers.

8. Seats should be redesigned to: _(a).pro~vde a greater range

of adjustments, (b) provide better damping to absorb vibration and shock,

(c) permit the incorporation of reel-type restraining harnesses, and (d)

.:able crewmen to rest or relax for brief periods. (The possible incorpo-

fon of a foldaway bunk at one position should be considered as an

alternative, It could be used alternately by crewmen as duties per-

mitLed.)

9. Provision should be made during extreme cold for ducting

warm air over hands ane critical control surfaces.

10. Each crei iositlon in the main compartment should be provided

with: (a) footbraces, (b) handholds and crashpads, and (c) reel-type

restraining harnesses to improve stability and safety while moving.

11. Hatch openings should be enlarged and modified to permit crew-

men to enter and exit while wearing CBR protective gear.

12. The face mask should be modified to permit crewmen to drink

from sealed containers. Similar systems have been used in spare, and

could serve as models.

The list, presented is certainly not exhaustive. However, it does

address many of the major' problems reported in the literature.
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Recommendations for a Programmatic

Research Effort

The r.eiearch areas outlined below are conceived oif as belonging in

a long-range research program oriented toward providing the. US with more

than just a modest capability to conduct operations in environments re-

quiring closed hatches.

Development of Sealed Compartments. Work should be initiated to

determine the problems involved in and the costs of sealing the crew com-

partments from the outside atmosphere. A single filter system with a

blower that generates a slight overpressure should provide the crew with

considerable protection from CBR agents. At worst, it should give crew-

men ample time to take other individual protective measures.

Development of a "Fighting Suit." The suit should be designed

to heat, cool, and provide uncontaminated air to the crewman. The suit

would serve as backup measure in a vehicle with sealed compartments. Also,

if a crewman had to dismount for emergency repairs, the suit would provide

protection against the environment. The suits and the vehicles should be

designed with an umbilical arrangement so that a crewman could "plug in"

to the life-suppoit systems while outside the vehicle. The suit should

be designed with a slipon urinal, and some provision should he made for

either ixiternal storage or a means of voiding the urinal in a storage

container in the compartment'.

Development of-Adequate Ventilation Systems. The adequacy of

current ventilation systems for oppration in the buttoned-up mode has not

been fully investigated. Ever unen crews are not operating in a toxic

environment, the interal air may become toxic during a sustained fire-

fight in a stationary tank on a windless day. The internal concentrations
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of various contaminants under such corditions ruust be determined, and new

ventilation systems. must be designed if the current systems nre not ade-

quate. Also, it may be necessary to incorporate. a dehumiidif•ration

capability to prevent condensation in the compartments.

Determination of Optical System Requirements. Restricted

vision during buttoned-up operations is a major problem. Optics which

provide a greater field of view, or a field more suitable for buttoned-up

operations, might greatly enhance crew performance in target acquistion

and reduce disorientation problems. For example,, a stabilized surveil-

lance system which combines a wide-angle, lv-power unit with a hight-power

or variable-power (step-zoom) unit may prove necessary. In any event,

V-qu'irements must be determined.

Determination of Pequirements for Automatic Target Designation

And/r Acquisition Systems. A target designation system which would per-

mit a tank commander to automatically slew the turret and the gunner's

sights to the azimuth and elevation of a second device would greatly

reduce original acquisition to engagement time.' The tank commander's

device could be small and easily aimed by hand. This system would in-

crease the probability of US forces being able to fire the first shot.

An automatic target acquisition, system would serve the same purpose

as the target designation system. However, the system would have a means

(most likely an infrared sensor) of seeking out potential targets, and

would automatically slew the turret and the gunner's sight to the proper

azimuth and elevation.

Determination of New Crew Selection and Training Requirements.

Personnel requirements--for buttened-up operations have only been examined

in a cursory fashion. A task and skill analysis of buttoned-up operations
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needs to be conducted to determine whether new job requirements exist

for which training must be designed. For example, personnel wil1 very

likely have to be trained to maintain the life-support systems installed.

Other areas in the personnel area that should be examined are: (a) the

need to select crewmen on the basis of their ability to endure confine-

ment and isolat'on, (b) the need to compose crews on the basis of

personal compatibility, and (c) the need for persomnel with new or diff-

erent psychophysiologicAl characteristics.

Examination of Additional Human Factors Requirements. A nu=ber

of recommendations for changes to equipment were made in the previous sec-

tion of this chapter. However, other materiel should be examined from the

human factors standpoint. For example, the compatibility of the face

mask with various optical gear needs to be considered. Actual minimum

work space requirements for each crew position must also be ascertained.

This latter determination should be made with the aisumption that the

crewmen will be wearing CBR protective gear. Finally, the development of

prepackaged individual personal hygiene kits should- be considered. The

use of such kits would ensure that necessary supplies were on board, and

that only the minimum storage would be required.
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CHAPTER 5

ONCOING RESEARCH

Aftor a review of the available literature and other Information

sources, three studies of an exploratory nature were planned. These

studies are all concerned with the improvement of short-term buttoned-up

operations. The results of these efforts will be reported at a later date.

In brief, these research efforts are concerned with:

Evaluation of the Low-Profile Hatch

The Israeli Defense Ferces developed the low-profile hatch as an

Iternative to buttoning up. In recent conflicts, their personnel losses

among tank c'mmanders were considered unacceptable. However, they ap-

parently also felt that buttoning up would result in unacceptable perfor-

mance degradation. Therefore, they developed a new hatch cover. The

cover permits the tank commander to view the terrain through an opening

between the hatch and the cover, while still affording considerable pro-

tection against overhead artillery, sniper fire, and antiaircraft attack.

The Israelis employed the modified hatch cover only a the tank commader's

position. However, it *ight also be of considerable alue to the driver,-

,i possibly even the loader.

This research will attempt to determine the mou t of degradation (if

any) in performance to be expected in using the low-p of 'e hatch on both

- the driver and tank commander's posirions. Drivers will b%. tested on a

driving course, and tank comundet.s will be tested on target acquisition

performance.

In addition, the study will attempt to defit' th e best hat.h opening

in terms of achieving an optimal balance between v. 4on and protection.
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Alternative Command and Control Methods

The use of arm, hand, and flag signals has been strongly advocated as

part of what is termed the new tactics. The use of these signals frees

radio channels for other purposes, reduces the probability of detection,

and foils electronic jamming. However, the use of these signals will

not be possible while buttoned up. Therefore, alternate means of com-

munication are needed.

HumRRO has proposed the use of a detachable light panel on the rear

of each tank to transmit standard command and control messages. The panel

has the additional advantage of being usable during both day and night.

When completed, this study will provide data comparing (a)' response times

to commands, and (b) radio communication lo~ds between standard open-hatch

comnand and control techniques and the light panel technique.

Determination of Optimum Turret Traversing Rates

Reports from the literature, as well as interview reports, indicate

that the tank coamander is likely to become disoriented while traversing

the turret during buttoned-up operations. The interviews further indi-

cated' that commanders often decreased azimuth rates in order to prevent

disorientation. It was theorized that the faster rates of traverse caused

blurring through the vision blocks. Therefore, this study was conceived

to determine optimum slewing rates for buttoned-up operations,.

In this study, times to transfer the target from the tank comuander

to the gunner will be obtained for-ihe open-hatch condition, and for

selected slew rates in the buttoned-up mode.
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Preliminary Findinqs

Of the three exploratory efforts, work was first begun on the de.ter-

mination of optimum turret traversing rates. The tank commander in the

M60AI tank uses what is normally referred to as the tank con•ander'n

overr-ide control handie to lay the turret in azimuth and the main gun in

elevation'onto the target. In order to control the azimuth rate of the

turret, a device was fabricated which fit onto the override handle. The

device can be adjusted to allow control of the traverse speed at any

maximum within the total capabilities of the hydraulic system.

Using man-made targets (boresighting panels, buildings, etc'.), an

e,.perienced tank commander ran through a number of target acquisition

trials in the buttoned-up mode. The following independent variables were

manipulated: (1) maximum turret traverse speed, (2) target offset (in

t'ls) from the zero axis of the main gun, and (3) direction of gum lay

onto the target (right to left, left to right). For these trials, the

calib-r .50 machinegun was pointed to the rear. This was done to elimi-

nate the "blindspot" .nr-the field of view, which could occlude targets

--..... if. Lhe machinegun were in its normal forward position.

Originally, the tank commander moved the override handle to the

maximum speed position to overcome the turret inertia.. Once the turret

was moving, the control WasMo0Ad to maintain a slower constant rate umtil

the target azimuth was reached. Time to lay on the target in this mode

was slower than in the open-hatch mode for the same conditions.

On later trials, the tank covmuider was able to lay on target as

fast in the buttoned-up mode as in the open-hitch mode. He accumplished

this by selecting an external reference on the cupola to lay on the tar-

get before making final adjustments with the rangefinder sight. The
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external reference in this case was a machine "nut." In other words,

instead of using the main gun as a reference, he first traversed to lAy

the nut on the target.

This preliminary result. indicates that the problem in acquiring tar-

gets observed previously may not be due to blurring at all. Rather, the

problem may have been due to a lack of procedural guidance and lack of

experience in operating while buttoned up. If this hypothesis proves to

be correct, a training program in procedures rather than a slew rate

control mechanism will probably solve the problem.
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